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Since the relationship between the accumulation of pyruvic acid and 
the absence of vitamin B1 in animal tissues has been pointed out by 
Peters and his associates, numerous studies have been undertaken to 
further clarify the function of vitamin B1 in cellular metabolism and, as a 
result, investigation of the vitamin requirements of unicellular organisms 
has been greatly stimulated. Many important contributions have been 
made in papers too numerous to mention. The purpose of the present paper 
is to discuss the function of vitamin B1 and its thiazole and pyrimidine 
fractions in the anaerobic pyruvate, lactate and glucose metabolism of 
the lactic and propionic acid bacteria. 
THE CATALYTIC EFFECTS OF CRYSTALLINE VITAMIN B, ON THE ANAEROBIC 
PYRUVATE METABOLISM OF LACTOBACILLUS MANNITOPOEUS 
Hills (1938) has reported a marked stimulation of the pyruvate 
metabolism of Staphylococcus aureus grown in vitamin Bi-deficient media 
by the addition of crystalline vitamin B1 to cell suspensions. The present 
authors (1938) have shown that similar results are obtained in the case 
of the propionic acid bacteria, Propionibacterium pentosaceum and P. 
petersscmii. Data now presented show that the same catalytic effects of 
vitamin B1 can be demonstrated for a member of the heterolactic bacteria, 
Lactobacillus mannitopoeus. 
L. mannitopoeus grown in a yeast extract-peptone medium was trans-
ferred to the basal medium of Tatum, Wood and Peterson (1936) con-
taining in addition 0.05 mg. of riboflavin and 7.5 mg. tryptopliane per 100 
gm. After incubation at 30° C. for 72 hours, the cells were washed twice 
in distilled water and suspended in M/15 phosphate buffer at pH 5.6. The 
cell suspension contained 1 gm. of cell paste in 40 cc. of buffer. One cc. of 
this cell suspension was tested for activity on sodium pyruvate both in the 
presence and absence of vitamin B 1• The results obtained on the Warburg 
respirometer are shown graphically in figure 1. The cells to which vitamin 
B1 have been added show an increased rate of C02 evolution from pyru-
vate equal to four times that of the control. 
L. mannitopoeus grown in the medium mentioned above containing 
in addition 10-s gm. of vitamin B 1 per cc. shows no stimulation on the 
addition of crystalline vitamin to the cells. The rate of C02 evolution from 
pyruvate under anaerobic conditions remains unchanged (table 1). 
VITAMIN B, CATALYSIS OF THE ANAEROBIC DISSIMILATION OF GLUCOSE 
AND SODIUM LACTATE BY P. PENTOSACEUM 
It has already been shown that vitamin B1 cat;;ilyzes the anaerobic 
dissimilation of pyruvic acid by P. pentosaceum. If pyruvic acid is an 
'Supported in part by the Industrial Science Research Fund of Iowa State College. 
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TABLE 1. Anaerobic pyruvate dissimilation of L. mannitopoeus grown in presence of 
10-• gm. of vitamin B, per cc. of medium 
Time, hours 
Treatment 0.5 1 1.5 2 
mm•co. mm'CO, mm'CO, mm'CO, 
2 gamma B, 25 54 89 124 
No B, added to cell suspension 24 54 89 122 
intermediate in the fermentation of glucose (Wood and Werkman, 1934), 
dissimilation of the latter by B1-deficient P. pentosa.ceum should be stimu-
lated by addition of the vitamin. The propionic acid bacteria were trans-
ferred from a yeast extract-peptone medium to the basal medium of 
Tatum, Wood and Peterson. The cells were collected at 72 hours by 
centrifugation, washed twice in distilled water and suspended in M/15 
phosphate buffer pH 5.6 (one part by volume cell paste to 20 parts buffer). 
One cc. of this cell suspension was tested on glucose in the Warburg 
respirometer under an atmosphere of nitrogen at 30° C. All experiments 
with P. pentosaceum were run under these conditions. 
Table 2 shows that the increase in the rate of breakdown of glucose 
due to added vitamin Bi, is not of the same order as that which occurs in 
the case of pyruvic acid. It is to be noted that as the concentration of 
pyruvic acid is decreased, the increase in its rate of dissimilation dimin-
ishes until at the lower concentrations it is of the same order as that of 
glucose. Assuming that the vitamin affects the dissimilation of glucose 
only after it has been broken down to pyruvate, and that the rate of dis-
similation is a true index, we find under the conditions of our experiments 
that the amount of pyruvic acid arising from the glucose at any one 
instant is in the vicinity of 0.56 to 1.12 mg. However, after the first 2 hours 
the rate of dissimilation of glucose in the presence of vitamin B1 rapidly 
approaches that in the absence of vitamin B1 • 
Pyruvic acid is generally accepted to be an intermediate in the pro-
duction of propionic acid from lactates by the propionic acid bacteria 
(van Niel, 1928; Erb, Wood and Werkman, 1936). In this case it is to be 
TABLE 2. Comparative effect of vitamin B, on the dissimilaticm of pyruvate and 
gltLCose by P. pentosaceum 
Substrate Glucose Pyruvate 
Mg. substrate 
per cup 13.0 9.0 4.5 2.25 1.12 0.56 0.28 
Vitamin B, 
gamma 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
CO,/hr. mm' 38 51 56 212 45 115 36 126 36 75 26 33 17 26 
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expected that vitamin B1 will stimulate the formation of propionic acid 
from lactic acid. This stimulation is found to occur. The rates of anaerobic 
dissimilation of pyruvic and lactic acids are compared in table 3. 
TABLE 3. Comparative stimulation by vitamin B, in the dissimilation of pyruvate and 
lactate by P. pentosaceum 
Substrate Lactate Pyruvate 
Vitamin B, gamma 0 1 0 1 
mm• C02/hr. 35 54 73 165 
Per cent increase 54 126 
The effect of the addition of crystalline vitamin to vitamin B1 deficient 
cells on various substrates is shown in table 4. 
Apparently vitamin B 1 acts as a stimulant in the dissimilation of all 
substrates tested with the exception of galactose. In this case no significant 
increase can be observed on the addition of the vitamin. 
TABLE 4. The dissimilation of several substrates in the presence and absence of 
vitamin B1 
Treatment Arabinose Dihydroxyacetone Glyceraldehyde Mannitol Galactose 
No B, 71 88 41 17 74 
1 gamma Bi 192 211 106 47 85 
Note: Substrate cone. 0.5 cc. of 0.8 per cent solution. 
Results in mm' CO, evolved in 3 hours for arabinose and dihydroxyacetone, 4 
hours for other substrates. 
THE INFLUENCE OF THE PYRIMIDINE AND THIAZOLE FRACTIONS OF 
VITAMIN B, ON THE GROWTH AND METABOLISM OF P. PENTOSACEUM 
Robbins (1938) has shown that certain fungi apparently synthesize 
vitamin B1 in synthetic media, others may utilize either the pyrimidine or 
thiazole fraction and synthesize the other, while still other fungi can grow 
only in the presence of both fractions apparently being able to couple 
them. Using the same fractions employed by Robbins an experiment was 
undertaken to determine whether thiazole2 or pyrimidine3 alone or to-
TABLE 5. Effect of vitamin fractions 
~ 2gamma 2gamma 2 gamma thiazole I 2gamma Activator thiazole pyrimidine 2 gamma pyrimidine vitaminB1 mm' in 3 hrs. 143 128 141 I 271 1 
Substrate 9mg. Na pyruvate. 
2 Pyrimidine= 2-methyl-5-bromomethyl-6-aminopyrimidine hydrobromide. 
'Thiazole = 4-methyl-5-,B-hydroxyethylthiazole. 
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gether can replace vitamin B1 . Table 5 shows that neither fraction alone·, 
nor both together act as a stimulant in the pyruvate metabolism of P. 
pentosaceum. 
Apparently P. pentosaceum cannot couple the two fractions used to 
form vitamin B 1, unlike Staph. aureus whose pyruvate metabolism has 
been shown by Hills (1938) to be greatly stimulated in the presence of 
both pyrimidine and thiazole, but not by either alone. It may be that the 
difference is due to the slightly different pyrimidine fractions employed. 
Hills used 4-amino-5-aminomethyl-2-methyl pyrimidine while we em-
ployed the 2-methyl-5-bromomethyl-6-aminopyrimidine hydrobromide. 
N 3===4C - NH2 N 1===6C - NH., · HBr 
I I I I -
CH3 - C2 5C - CH2NH2 CH3C2 5C - CH2Br 
II I II II II II 
N 1---6CH N 3---•c - H 
4-amino-5-aminomethyl-2-methyl 2-methy 1-5-bromomethy 1-6-amino-
pyrimidine pyrimidine hydrobromide 
(English nomenclature) (American nomenclature) 
Pyrimidine ring Thiazole ring 
r== r-NH, r --S) C-CH,CH,OH 
CH3 -C C--CH2----N C-CHa 
II II I 
N--CH Cl 
Vitamin B1 chloride 
Growth experiments were undertaken to see whether growing cells 
of P. pentosaceum can utilize either or both the pyrimidine and thiazole 
fractions as a substitute for Vitamin B 1. The basal medium of Tatum, 
Wood and Peterson consisting of the acidic ether extract of yeast, and 
hydrolyzed casein with the addition of the two fractions and Vitamin B1 
was employed. The results are tabulated in table 6. 
TABLE 6. Non-stimulation of growing cells by vitamin fractions 
Flask I II III IV I v 
Basal medium, cc. 150 150 150 150 150 
Thiazole, gamma ... .. 2 . .... 2 ..... 
Pyrimidine, gamma ..... ..... 2 2 ..... 
Vitamin :S., gamma ..... . .. .. . .... . .... 2 
Yield of cell paste at 72 hours, cc. 0.29 0.32 0.34 0.23 0.44 
Activity of grown cells on pyru-
vate, ie., CO, evolved in 2 hours 74 75 74 69 168 
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Apparently growing cells of P. pentosaceum cannot use either the 
pyrimidine fraction or thiazole fraction alone to replace the vitamin. 
Neither can the growing cells couple the two fractions to form the vitamin. 
The explanation for the inability of P. pentosaceum to link the two 
fractions may lie in the location of the bromine atom in the 5-CH2Br of the 
pyrimidine group. Knight and Mcllwain (1938) have presented evidence 
indicating that linkage by Staph. aureus can occur when the substituted 
5-CH2- group is -CH2NH2, -CH20H or -CH2NH · CSH, but is not possible 
with -CH2CONH2 or -CH3• Apparently P. pentosaceum cannot join the 
pyrimidine and thiazole fractions when the linkage must occur by means 
of 5-CH2Br in the pyrimidine ring. 
THE OCCURRENCE OF COCARBOXYLASE IN BACTERIAL CELL EXTRACTS 
The authors (1939) have submitted evidence which indicates that 
vitamin B1 is esterified to cocarboxylase by P. pentosaceum. We wish at 
the present time to point out the occurrence of cocarboxylase or the pyro-
phosphoric acid ester of vitamin B1 in several types of bacteria. 
One gram dried "bottom" brewer's yeast if washed rapidly 3 times in 
50 cc. M/10 disodiumphosphate at 30° C. shows almost no carboxylase 
activity. Crystalline vitamin B 1 alone will not reactivate such yeast, 
whereas synthetic cocarboxylase and bacterial cell extracts do. In table 
7 the comparative cocarboxylase contents of cell juices from P. pento-
saceum, Escherichia coli and Aerobacter indolgenes are shown. The pro-
pionic acid bacteria were cultured in a yeast-extract, peptone, glucose 
medium; E. coli and A. indologenes were grown in a peptone, glucose, 
phosphate, tap-water medium. After 72 hours at 30° C., the cells were 
thrown out of suspension, washed twice in distilled water and dried in a 
vacuum desiccator at room temperature. The extracts were prepared 
by suspending one gram of the dried bacterial cells in 10 cc. of water, 
bringing the suspension to a boil and then centrifuging. The clear super-
natant fluid was employed as cell extract. 
The data leave little doubt that cocarboxylase occurs normally in the 
bacterial cells tested. 
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TABLE 7. Qua.litative cocarboxylase assay of bacterial extracts 
Extract of Extract of Extract of 
Activator None P. pentosaceum E.coli A. indologenes 
. 
mm' CO, in 
30 minutes 30 69 104 211 
Substrate: 9 mg. sod. pyruvate + 1 mg. MgCl 
Test cells: 100 mg. alkaline washed yeast in 1 cc. PO, M/15 pH 6.2 
Extract: 0.5 cc. 
Total vol.: 2.0 cc. 
Atmosphere: air 
2Gamma 
cocarboxylase 
209 
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Winthrop Chemical Company we are indebted for a generous portion of 
synthetic vitamin B 1• The "bottom" brewer's yeast was supplied through" 
the courtesy of Anheuser-Busch, St. Louis, Missouri. 
SUMMARY 
1. Vitamin B 1 is essential for anaerobic dissimilation of pyruvic acid by 
the heterolactic acid bacterium, Lactobacillus mannitapoeus. 
2. The anaerobic dissimilation of glucose, lactic acid, and several other 
substrates by Propionibacterium pentosaceum is stimulated by 
crystalline vitamin B 1• 
3. 2-methyl- 5- bromomethyl-4- aminopyrimidine hydrobromide and 
4-methyl-5-~-hydroxyethylthiazole cannot replace vitamin B 1 either 
as a growth factor or metabolic stimulant in the enzyme system of 
P. pentosaceum. 
4. Evidence is presented for the occurrence of cocarboxylase in bac-
terial cells. 
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100 
N 6()1--~~~~+--~~~~+--~~~~+-~~~~lfC-~~~~+-~~~----I 8 
t<l. 
E 
E 401--~~~---1-~~~~-1-~~,,c_-1-~~~~-+-~~~~~~~~-J 
GO 90 
MINUTES 
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Fie. 1. The effect of vitamin B, on the anaerobic pyruvate metabolism of Lactobacillus 
mannitopoeus. 
Substrate, 9 mg. pyruvic acid. Total vol., 2.0 cc. Atmosphere, nitrogen. Temp., 30° C. 

THE DEHYDRATION OF CHOLESTEROL1 
J. C. EcK AND RALPH L. VAN PEuRsEM' 
From the Animal Chemistry and Nutrition Subsection of Iowa State College 
Received December 3, 1938 
The dehydration of cholesterol is an important phase in the investiga-
tion of the chemical antirachitic activation of sterols (11) since the activat-
ing reagents used are dehydrating reagents. However, the literature on 
the dehydration products of cholesterol is not only indefinite but also very 
confusing so that a correlation of the material in the literature seems 
desirable. 
HISTORICAL 
There are three general types of reactions by which the dehydration 
products of cholesterol are obtained: (a) direct dehydration of cholesterol, 
allocholesterol, or their epimers, (b) the removal of hydrogen halide from 
cholesteryl halides, and (c) the pyrolytic decomposition of cholesteryl 
esters. An attempt has been made to consult all references to the dehydra-
tion products of cholesterol. A list of these products is presented in 
table 1. 
The variation in the reported melting points and optical rotations for 
the dehydration products of cholesterol has made difficult their character-
ization. The optical rotation of various cholesterol derivatives has been 
studied by Mauthner (27), Callow and Young (8) and Stavely and Berg-
mann (46); among other deductions it is interesting in this connection to 
note that those derivatives which have a double bond in the 4,5-position 
are dextrorotatory, whereas a double bond in the 5,6-position causes 
laevorotation. 
Stavely and Bergmann (46) separated the cholesterilenes (cholesteri-
lene prepared by some of the various methods) into two groups which 
have specific rotations (a) between - 60° and - 70° and (b) greater 
than - 100° and suggested that both groups have the 3,5-conjugated 
system since a member of each group possessed a similar absorption 
spectrum. However, the same authors (46, 47) used the terms cholesteri-
lene and 3,5-cholestadiene interchangeably and also suggested (47) that 
cholesterilene prepared by the zinc dust distillation of cholesterol (14) 
was a mixture of cholesterilene and 2.4-cholestadiene. 
Cholesterilene was previously assigned the structure of 2.5-cholesta-
diene by Heilbron (20) but the high absorption of cholesterilene in the 
ultraviolet is considered indicative of a conjugated system (46). Three 
maxima reported at 249, 304, and 312 mµ in the absorption spectrum of 
cholesterilene (21) were later not confirmed (37, 43) but instead other 
maxima at 229, 235 and 244 mµ (44, 46) and at 235 and 245 mµ (23) have 
been found. Other physical constants of cholesterilene such as crystal 
structure and refractive index (1, 46, 52) have been reported. 
1 Journal Paper No. J-599 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 506. 
2 Part of the literature search was conducted by Ralph L. Van Peursem in partial 
fulfilment for the degree of Doctor of Philosophy. 
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Heilbron and Sexton (22) suggested that one double bond in chol-
esterilene must occupy the same position as the double bond of pseudo-
cholestene since the formation of pseudocholestene by the action of heat 
on cholesterol was regarded as a result of dehydrogenation of part of the 
cholesterol to cholestenone and then the hydrogen liberated was used to 
reduce cholesterilene, obtained by dehydration of a further part of the 
cholesterol, to pseudocholestene. Windaus (58) concluded that cholesteri-
lene did not possess a conjugated system of double bonds since is was re-
covered unchanged after treatment with sodium in boiling absolute 
alcohol. Sodium in boiling amyl alcohol has also been found (14, 46, 58) 
not to affect cholesterilene. 
Although cholesterilene must possess two double bonds since it ab-
sorbs four atoms of hydrogen, Windaus (59) suggested that cholesterilene 
may consist of several isomers which only slightly influence each other's 
melting points and form mixed crystals with each other and also that the 
variation in optical rotation of cholesterilene, prepared by various methods, 
can not result from a partial racermization since the products--eholestane 
and coprostane-obtained by catalytic hydrogenation possessed the proper 
optical rotations. Cholestane or coprostane or both have been isolated 
from the catalytic reduction products of cholesterilene in ether, ethyl 
acetate or acetone solution with platinum or palladium catalyst (7, 14, 38, 
46, 49, 50, 59, 61). Cholesterilene was also found to be reduced to choles-
tane by the action of selenium (10). 
Chlorine has been reported (64) to decompose a-cholesterilene 
(moleuclar weight 482 (28)), b-cholesterilene and c-cholesterilene (mo-
lecular weight 764, 780, 769 and 721 (28)) and to evolve hydrogen chloride 
(65) from a- and b-cholesteron. Iodine values of 70.9, 70.0, 72.2 (28), 73.36 
and 77.87 (37) have been recorded for cholesterilene; this corresponds to 
approximately one mole of iodine per mole of cholesterilene. 
Mauthner and Suida (28) believed that cholesterilene possessed only 
one double bond since it added only one mole of bromine. However, 
Windaus (58) considered it likely that cholesterilene contained two 
double bonds which absorbed bromine by 1,4-addition and created a 
double bond which was inactive to the addition of more bromine. Choles-
terilene dissolved in chloroform, carbon disulfide or acetic acid has been 
found to add one mole of bromine (12, 29, 32, 46, 50, 51) without the isola-
tion of a bromine addition product (17, 29, 46) and that additional 
bromine was not immediately decolorized but hydrogen bromide was 
evolved (29) to yield a brown liquid (46). Attempts to recover cholesteri-
lene, after treatment with bromine, by the action of sodium iodide yielded 
black tarry material (46). Mention has been made (26) of a tetrabromo-
cholestane, obtained by the action of bromine on cholesterilene, which was 
not described except that it was different from tetrabromocholestane, 
m.p. 110°, obtained by the action of bromine on epicholesteryl acetate; the 
tetrabromocholestane from cholesterilene was not confirmed (46). 
Walitskv (56) stated that c-cholesterilene of Zwenger (64) and 
"~holestene" obtained bv the action of hydrogen iodide or of sodium or 
cholesterol all yielded the same bromine compound C~r.H34Br~ with the 
"'"0lution of hvdrogen bromide when treated with an excess of bromine. 
ThP nrodur.t C~7H,4, m.p. 78-9°, obtained by the action of sodium ethoxide 
nn "4-dichlorocholestene" was reported to give a tetrabromide meltin~ at 
162-4 ° ( 41). It has also been reported that from the mother liquors, after 
the removal of cholesterilene form the reaction product obtained by the 
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action of phosphorus pentoxide on cholesterol (33), was obtained a com-
pound, m.p. 66-7°, which with bromine in chloroform solution gave a 
bromide melting at 61-2°. 
A maleic anhydride addition product was not obtained by treating 
cholesterilene with maleic anhydride in benzene (46) or toluene (53) 
solution although an abnormal addition product, m.p. 240-5° with decom-
position, was obtained in xylene solution heated in a sealed tube (46). If 
cholesterilene contains the 3,5-conjugated system, addition would have to 
take place in an unusual manner due to sterochemical reasons ( 46). 
When treated wtih perbenzoic acid, cholesterilene has been found to 
require 1.39 and 1.49 moles of perbenzoic acid per mole of cholesterilene 
after 24 hours, 1.56 and 1.66 moles after 48 hours and 1.63 and 1.74 moles 
after 82 hours (44). Perbenzoic acid titration of cholesterilene has also 
been observed to indicate 1.97 double bonds after 48 hours (46) and 1.87 
double bonds after 8 days (12). 
Cholesterilene was found to be oxidized by the action of posassium 
permanganate (29, 51) and an acid containing 27 carbon atoms was 
isolated by chromic acid oxidation (29). Oxidation of cholesterilene with 
chromium trioxide yielded cholestene-4-dione-3,6 (14, 58) which was 
found to be identical with the neutral oxidation product from 3,5-cholesta-
diene (isolated as the monophenylhydrazone) (12). 
The unsaturated nature of cholesterilene was demonstrated by the 
tetranitromethane color reaction (50). Cholesterilene has been observed 
to give the usual cholesterol color reactions (6, 36, 44, 50, 51, 57). Whitby 
(57) suggested that, in the typical cholesterol reactions, cholesterilene was 
first formed and that it then coupled with a second substance, such as 
formaldehyde, to give the colored products. However, Wokes (62) was 
not able to obtain any colors by the treatment of cholesterilene with 
formaldehyde alone (either as formalin solution or in the nascent 
condition). 
Cholesterilene treated with sulfuric aci.d has been observed to give a 
brownish yellow solution with a strong green fluorescence (28), a citron 
yellow color (6) or a yellow solution with a ~reen fluorescence (32). Soft 
brownish red resinous masses were obtained by the action of sulfuric acid 
on a-, b- and c-cholesterilene (64). Nitric acid was reported to slightly 
attack a-, b- and c-cholesterilene (64), with the formation of Redtenbach-
er's acid ( 42) from a-cholesterilene. Cholesterilene treated with nitric acid 
was found to give a cherry red color (32) or a slight rose to cherry red 
color which was destroyed to a yellow resin by the addition of sodium 
nitrate (28). An ether or ether-alcohol solution of cholesterilene treated 
with hydrogen chloride displayed a color change through yellow to light 
brown to brownish red with a green fluorescence and the product obtained 
was found to be antirachitic (llb, llc). Cholesterilene can also be con-
verted into antirachitic products by other dehydrating acidic reagents but 
not by ultraviolet irradiation (llb, llc, lle). Treatment with a cold mix-
ture of sulfuric acid and acetic anhydride was found to convert cholesteri-
lene into cholesterilene sulfonic a~id (methyl ester. m.p. 175-6°: lithium 
salt, turned brown at 220°) which was antirachitically inactive (60). 
Treatment with alcoholic sulfuric ar.id was reported to convert 
cholesterilene in cholesterol which was identified by its melting point. 
ootical rotation and bromine derivative (33). It was likewise found 
that treatment with dilute sulfuric acid in benzene-acetic acid solution 
converted cholesterilene into cholesterol ·which was identified as the 
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digitonide (14) although a chloroform solution of cholesterilene remained 
unchanged when shaken with 10 per cent sulfuric acid for 6 days (58). 
The normal ether of cholesterol, dicholesteryl ether, formed by the 
removal of one molecule of water from two molecules of cholesterol has 
sometimes been called cholesteryl ether, cholesteryl oxide, ~-cholestery­
lene or tricholesterol. It has been prepared by various methods (2, 3, 5, 
17, 18, 28, 32, 34, 35, 36, 48, 49), forms a tetrabromide which melts at 
164-6° (28, 32) (m.p. 178° (18)), gives sterol color reactions (3, 62), 
shows no marked selective absorption (21), is converted into an anti-
rachitic product by treatment with sulfuric acid-acetic anhydride (lle) 
but is not activated by ultra-violet irradiation (3, 4, 19), reacts with hydro-
gen peroxide in benzene solution followed by acetylation to yield a diace-
tate melting at 143° (40), and when distilled with aluminum chloride 
gives various hydrocarbon fractions (63). 
2,4-Cholestadiene has been prepared by the action of aluminum oxide 
on cholesterol (45, 47) and has been found to be reduced catalytically to 
coprostane, to react with perbenzoic acid in an amount equivalent to 1.94 
double bonds, to give a normal maleic anhydride addition product melting 
at 70-2°, to be reduced to pseudocholestene by the action of sodium in 
alcohol, to be rearranged to cholesterilene by the action of alcoholic 
hydrochloric acid, to have a maxima in its absorption spectrum at 260 mµ 
(47) and to form a stable crystalline peroxide, m.p. 118.5-20.5°, (a) 23n + 
52.8 in chloroform, by the action of oxygen in the presence of eosin ( 45). 
EXPERIMENTAL 
Preparation of a-cholesterilene. The a-cholesterilene of Zwenger (64) 
was prepared as follows. In a 500 cc. Erlenmeyer flask were placed 10 gm. 
of dry cholesterol and 40 cc. of dilute sulfuric acid (1 volume of concen-
trated sulfuric acid diluted with 1 volume of water). The reaction mixture 
was immersed in a water bath maintained at 65° and 60 cc. of concentrated 
sulfuric acid were added with stirring in the period of 1 minute, during 
which time the colorless suspension changed through pink to a dark red 
mass. The reaction mixture was heated an additional 2 minutes at 65° 
(bath temperature) with stirring and the slightly fluorescent sulfuric 
acid was immediately removed by decantation. The residue was washed 
twice with water by decantation and then allowed to slowly hydrolyze in 
50 cc. of water; on treatment with water the dark red mass slowly changed 
through a purple color to a pale yellow suspension. The hydrolysis was 
aided by smashing the lumps with a stirring rod. The water suspension 
was made slightly alkaline, to remove all the sulfuric acid, by the addition 
of 10 cc. of ammonium hydroxide and then 60 cc. of alcohttl were added 
to increase the difference between the density of the suspending medium 
and that of the suspensoid. The suspension was centrifuged and the pale 
yellow solid was centrifuged several times from suspension in 50 per cent 
alcohol and from 95 per cent alcohol. One hundred cubic centimeters of 
ether was added to the air dried product (7.5 gm.) and the ether-insoluble 
a-cholesterilene was removed by centrifugation and then centrifuged 
from ether suspension three times. The a-cholesterilene, yield 1 gm., was 
r ecrystallized from chloroform solution until it melted at 344° (bloc 
Maquenne), (a) 23n + 96.85 (c, .8096 in carbon tetrachloride). The melt-
ing point of a-cholesterilene was reported by Zwenger (64) to be 240° but 
Mauthner and Suida (28) found it to sinter at 210-20°, to become trans-
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parent at 235° and to become fluid at 260°. a-Cholesterilene was found to 
display the capillary melting point of 240-65° with decomposition so the 
bloc Maquenne melting point was considered more reliable for melting 
point and mixed melting point determinations. 
Preparation of c-cholesterilene. The ether solutions containing the 
ether-soluble fraction of the reaction product were combined and con-
centrated in vacuo. The residue was dissolved in benzene-petroleum ether 
(1: 1 by volume) and the solution was passed through a column of 
activated alumina. The solution was concentrated in vacuo and the resi-
due was recrystallized from ether-alcohol until it melted at 200° (bloc 
Maquenne), (a) "30 + 34.5 (c, 2 in carbon tetrachloride). The yield of 
this compound, the c-cholesterilene of Zwenger, was 3.5 gm. The melting 
point of c-cholesterilene was reported by Zwenger (64) to be 127° but 
Mauthner and Suida (28) did not record a melting point. Similar to 
a-cholesterilene, c-cholesterilene was also found to display a decomposing 
capillary melting point (m.p. 144-72° with decomposition). A compound 
having the characteristics of the b-cholesterilene of Zwenger (64) was not 
isolated from the reaction product obtained by the action of sulfuric acid 
on cholesterol. 
Bromination of a- and c-cholesterilenes. A slight excess of bromine in 
chloroform solution was added to a chloroform solution of a-cholesterilene 
and it was observed that the bromine was slowly absorbed with the evolu-
tion of hydrogen bromide. The solvent was removed in vacuo and the 
residue was recrystallized from ether-alcohol until it melted at 245° 
(bloc Maquenne) (capillary melting point 135-47° with decomposition) . 
An excess of bromine in acetic acid solution was added to an ether 
solution of c-cholesterilene and it was likewise observed that the bromine 
was absorbed with the evolution of hydrogen bromide. The solution was 
poured into water and extracted with ether. The ether solution was 
washed with water and dried over anhydrous sodium sulfate. Alcohol 
was added to the dried ether solution and the product obtained was r e-
crystallized from ether-alcohol until it melted at 235° (bloc Maquenne) 
(capillary melting point 163-78° with decomposition). 
Treatment of cholesterol with other reagents. a-Cholesterilene was 
isolated from the reaction products obtained by the action of a number of 
reagents on cholesterol and some cholesterol derivatives. Various methods 
of preparing a-cholesterilene are presented in a condensed form in table 2 
and the antirachitic act ivity of the ether soluble fractions of the reaction 
products obtained by these methods is presented elsewhere (lla, llc, lld) . 
DISCUSSION 
A study of the dehydration of cholesterol leads to the obvious con-
clusion that a number of products can be prepared. The compound or 
compounds obtained depends on the procedure employed. Thus one mole-
cule of water can be removed from one molecule of cholesterol with the 
formation of 2,4-cholestadiene or of cholesterilene which is considered 
identical with 3,5-cholestadiene although the variation in the optical rota-
tion of cholesterilene prepared by various methods has not been explained. 
Under other conditions, one molecule of water can also be removed from 
two molecules of cholesterol with the formation of dicholesteryl ether. The 
formation of 3,5-cholestadiene and of dicholesteryl ether requires only 
dehydration but the forma ion of 2,4-cholestadiene requires a shift of the 
TABLE 1. Dehydration products of cholesterol1 
Compound (name M. P. Optical rotation 
_'-_1s_e_d_in_r_ef_e_r_e_n_c_e)'---1-,----,-----M_e~th_o_d_o_f--"-p_re_,p,_a_r_a_ti_·o_n __ ~ __ in_°C __ :-- ('--a-'-)-=n-:I °C I c or(p) 1Solvent 
a Cholesterilin cholesterol + H,SQ, 240 
a-Cholesterilin " or cholesterilene + 
b Cholesterilin 
c Cholesterilin 
c-Cholesterilin 
Chol~~tery 1 e~er 
Substance 
Cholesterylenes 
~-Cholestery lene 
a Cholesteron 
a-Cholesteron 
H,so. 210-60 
cholesterol + H,SO, 255 
" + " 127 
" + " 68-100 
" + " 74.5 
" + " 195-201 
" + " 135-6 
" + " 
" + H,TeO, 188- 93 
" + H,PO, 68 
" + " 79.5 
80.5 
b Cholesteron + " 175 
b--Cholesteron " + " 192 
a-Cholesterylene " + H3PO .. in HOAc 79-80 
~--C~h~o~l~e-st-e~ry~l~e-n-e~~--:~~~ .. ~~+-'-:K==H~S~0~,~~~~-.,-------,-188-93 
Powder " + HI 68 
Cholestene " + " 68-100 
Powder " + " + P, 68 
Hydrocarbon C2eH.u " + " + " 68 
Hydrocarbon C,.,H., " + Na 68-100 
Benzyl cholesteryl ether Na cholesteroloxide + C.H,CH,Cl 
" " " Na cholesteroloxide + C.H.CH,Cl 
Chol~~teryl e~er Na cholesteroloxide + Etl 
Na cholesteroloxide + Etl 
cholesterol + HClO, a-Cholestery lene 
~-Cholestery lene 
Cholesteryl ether 
a-Cholestery len 
Cholesterilene 
Hydrocarbon 
" + " 
" +HCl 
cholesterol + HCl gas 
epicholesterol + HCl 
epiallocholesterol + HCl 
78 
80-4 
141 
78-80 
193 
74.5 
76-7 - 78.3 
79 -112.8 
30 
23 
(1) 
(2) 
C,H, 
" 
Actually or (suggested) Ref-
identical with in er-
reference ence 
(cholesterol?) 
cholesteryl oxide 
( cholesterilen) 
(cholesteryl ether) 
cholesteryl oxide 
hydrocarbon C"H" 
hydrocarbon C,.H., 
cholestene 
( cholesterilene) 
cholesterylen 
not cholesteryl ether 
cholesteryl oxide 
( cholesterilene) 
64 
28 
64 
64 
56 
31 
31 
31 
35 
35 
65 
28 
65 
28 
32 
32 
54 
56 
54 
24 
56 
39 
48 
25 
28 
34 
34 
31 
17 
26 
13 
(Continued on next page) 
Compound (name 
used in reference) 
2,4-Chole~tadiene 
Cholesterilene 
2,4-Chole~tadiene 
Cholesterilene 
a-Cholestery len 
Cholesterilen 
Cholesterilene 
Cholesterilene 
Cholesterilen 
a-Chole~~ery lene 
Cholestcrilen 
" 
Cholesterilene 
Cholesterylen 
Cholesteryl ether 
TABLE 1. (continued) 
Method of preparation 
allocholesterol + HCl 
epiallocholesterol + HCl 
allocholesterol2 + HCl 
allo- or epiallocholesterol + HCl 
allo- or epiallocholesterol + HCl 
cholesterol + AJ,O, 
" + " 
" + " 
" -r- P20 5 
" + cuso. 
" + " 
" + " 
" + " 
" + " 
" + " 
" + CuCl or AgCl 
cholesterol + CuS 
" + kiesselguhr 
" + fossil flour 
" + zinc dust3 
" +HgI2 
cholesteryl chloride distilled 
cholestcryl chloride+ CaO 
cholesteryl chloride+ quinoline 
cholcsteryl chloride + quinoline 
cholesteryl chloride+ 
K cholesteroloxide 
cholsteryl-chloride +Na 
cholesteroloxide 
cholsteryl-chloride +Na 
cholesteroloxide 
M.P. 
in °C 
79 
79 
79 
79.5-80 
63 
68.5 
79.5-80 
79-80 
79-80 
79-80 
74 
78 
78-9 
79.5-80 
78 
79 
78-9 
68 
73 
75 
79-80 
79 
79 
77 
79.5-80 
79-80 
71 
(a)o 
-112.5 
-108.2 
- 123.23 
+mto 
+168.5 
- 51.4 
Optical rotation 
°C I c or(p) I Solvent 
23 
24 
25 3.00 CC1 
27 1.523 CHCL. 
ether 
20 
Actually or (suggested) Ref-
identical with in er-
reference ence 
44 
44 
44 
cholestcrilene 46 
3,5-cholestadiene 12 
47 
45 
45 
33 
28 
- 81.63 30 
- 71.88 18 0.626 C,H, 6 
-102.1 20 4.000 CHCla 21 
- 97.5 20 0.9 " (3,5-cholestadiene) 46 
- 104.91 !-2_5_. _ ___:_3'-'-.0-'-0 __ ._C_:_C__:__.:1 _ _,_--'3"-,5'--"c_h_:_ol-"e-'-st-"a"-di=-=· e:.::n:.::e __ __,_______cl_2 
16 
- 46.6 
+ 1.45 
- 53.37 
- 4.49 
- 47.04 
- 61.55 
- 86.09 
-100.33 
26 
22 
20 
25 
4.504 
2.75 
2.08 
2.34 
3.00 CCL 3,5-cholestadiene 
15 
49 
15 
14 
36 
49 
30 
30 
12 
48 
25 
not cholesteryl ether 28 
(Continued on next page) 
TABLE 1. (continued) 
Compound (name 
used in reference) Method of preparation 
Chole~tery len cholsteryl chloride + ZnO 
cholesteryl chloride + Zn 
Cholesterilene cholesteryl chloride+ NH. 
Cholesterilene (several) cholesteryl chloride+ NH, 
Hydrocarbon C,.H., cholesteryl chloride+ NaOEt 
Cholesterilen cholesteryl chloride+ NaOEt 
Cholesterilen cholesteryl chloride + NaOEt 
Product C,,H,. 4-dichlorocholestene + NaOEt 
Cholestadien cholesteryl bromide + NaI 
.. cholesteryl bromide+ NaI + 
piperdine acetate 
a-Chole~tery lene cholesteryl methyl xanthogenate 
cholesteryl methyl xanthogenate 
.. cholesteryl methyl xanthogenate 
~-Chole~~ry lene cholesteryl methyl xanthogenate 
cholesteryl methyl xanthogenate 
Cholesterilene cholesteryl methyl xanthogenate 
.. cholesteryl phenyl urethane 
a-Cholesterilen cholesteryl oleate 
Cholesterilene monocholesteryl phosphoric acid 
Cholesterilene dicholesteryl phosphoric acid 
Cholestadiene 4-cholestene oxide + ale HCl 
.. 
a- 5-cholestene oxide + ale. HCI 
.. 5-hydroxy-4-acetoxycholestane + 
ale. HCl 
.. 5-hydroxy-6-acetoxycholestane + 
ale. HCl 
Tricholesterol cholesterol + floridin 
3,5-Cholestadiene 7 -ketocholesterilene semi-
carbazone + NaOEt 
.. 4,5-dibromocholestane + quinoline 
1 Not complete in the case of dicholesteryl ether 
'Prepared from cholesterol hydrochloride 
'Constants observed during purification 
M. P . 
in °C (a}o 
79-80 - 116.2 
79-80 
82 to 256 
80 
79-80 
80 - 65.7 
78-9 
77-8 - 65.4 
77-8 -103 
77 -107 
77 -109.3 
79-80 
59 - 76.08 
79-80 
79.5-80 -123.23 
75.5 -100.25 
79 
76-8 - 68.99 
78.2 
- 77.531 81 - 71.7 
80-1 - 68.5 
80-1 - 68.3 
80 - 68.7 
203-9 - 40.8 
78-9 - 63.75 
79.5-80 -103.23 
Actually or (suggested) Ref-
Optical rotation identical with in er-
oc I c or(p} Solvent reference ence 
2.641 CH Cl, 48 
48 
41 
9 
54 
28 
55 
41 
19 0.541 C.H.CH. 53 
53 
(11) " 51 
20 (4.503) .. 50 
cholesterilene 7 
20 (3.785) " 50 
.. 7 
25 3.00 CCI, 3,5-cholestadiene 12 
1.04 C,H. 6 
17 
20 37 
18 37 
23 
23 
23 
2~ 
20 (2) CCL 3 
21 1.026 CHCla cholesterilene 46 
25 3.00 CCL " 12 
TABLE 2. Vari.Dus methods of preparation of a-cholesterilene 
Compound treated Reagent used Solvent used 
I 
Amount I Amount I Amount Temp. Time Yield Compound in moles Reagent in moles Solvent in cc. in °C in hrs. in gm. 
Cholesterol 0.001 H,SQ, 0.002 HOAc I 4 85-90 3 0.0515 
Cholesterilene I 0.001 " I 0.002 " 4 I 85-90 I 3 I 0.0425 
Cholesteryl acetate I 0.001 " I 0.002 .. 4 I 85-90 I 3 I 0.0313 
Butyl cholesteryl ether 0.001 " I 0.002 " 4 I 85-90 I 3 I 0.0335 
Cholesteryl chloride 0.001 " I 0.002 " 4 I 85-90 I 3 I 0 
Cholestene 0.001 II I 0.002 ,, 4 I 85-90 I 3 I 0 Dicholesteryl ether 0.0005 " I 0.004 " 8 I 85-90 3 I 0* 
Cholesterol 0.001 HOaSCH,COOH I 0.002 II 4 I 85-90 3 I 0.0385 
" 0.001 H,SQ, I 0.002 I 
" 4 I 25 192 I 0.0145 +Ac,Q 0.0025 
" 0.001 H,SQ, I 0.002 " 4 85-90 3 
I 0 
+Ac,O 0.0025 I 
i-Cholesterol 0.001 H,SQ, I 0.002 " 4 85-90 3 I 0.0135 +Ac,O 0.0025 
Cholesterol 0.004 Zn Cl, I 0.0146 I " 16 85-90 3 I 0.437 
" 0.00259 " I 0.022 I -- - 225 0.25 I 0 
" 0.002 Zn Cl. I 0.0073 HO Ac 8 85-90 3 I 0.140 + Ac,O 0.005 
" 0.002 Zn Cl, I 0.0073 
" I 8 85- 90 3 I 0.082 + AcCl 0.005 
Cholesterilene 0.002 Zn Cl, I 0.0073 " I 8 85-90 3 I 0.147 + AcCl 0.005 
Cholestene 0.004 Zn Cl, I 0.0146 " I 16 85-90 3 I 0 + AcCl 0.01 
Cholesterol I 0.005 P,Q,, I 0.007 Co Ho I 40 80 2 I 0.0785 
Cholesterilene 0.005 II 0.007 " I 40 80 2 I 0.1095 
Cholestene 0.005 II 0.007 " I 40 80 I 2 I 0 
Cholesterilene 0.0068 I CCl,COOH 0.0482 -- I - I 25 I 6 I 0.0438 
II 0.00262 l " 0.0193 -- I - I 160 I 0.16 , 0 
* Part of the dicholesteryl ether was recovered unchanged. 
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5,6-double bond to the 4-5-position followed by dehydration to form the 
2,3-double bond. 
The formation and characterization of other dehydration products, 
such as the a- and c-cholesterilenes of Zwenger, have been neglected. The 
directions for the preparation of these two compounds were studied and 
the formation of a-cholesterilene by a number of methods was found. 
Due to the differences in melting points, optical rotations and bromination 
products, these two compounds, a- and c-cholesterilenes, cannot be identi-
cal with 2,4-cholestadiene, cholesterilene or dicholesteryl ether. 
Since a-cholesterilene was found to be formed from either cholesterol 
or cholesterilene, it is evident that dehydration is involved in its formation 
from cholesterol. It was also found that a-cholesterilene could be obtained 
from cholesteryl acetate, butyl cholesteryl ether or i-cholesterol but not 
from cholestene, cholesteryl chloride or dicholesteryl ether. Similar to 
the action of sulfuric acid, sulfoacetic acid also caused the formation of 
a-cholesterilene. It was isolated from the reaction product obtained by 
the action of sulfuric acid-acetic anhydride on cholesterol at 25° but not 
when the reaction mixture was heated at 85-90° at which temperature it 
was formed from i-cholesterol. a-Cholesterilene was produced by the 
action of zinc chloride on cholesterol in acetic acid solution but not when 
heated in the absence of a solvent. It was formed in the reaction mixtures 
obtained by the action of zinc chloride-acetyl chloride in acetic acid solu-
tion or of phosphorus pentoxide in benzene solution with cholesterol and 
cholesterilene but not from the reaction mixtures with cholestene. 
a-Cholesterilene was isolated from the reaction product obtained by the 
action of trichloracetic acid on cholesterilene at 25° but not when heated 
at 160°. 
Since heat is not required in the formation of a-cholesterilene, it 
cannot be considered a product of pyrolysis. The observation that 
a-cholesterilene can be obtained by the action of trichloroacetic acid on 
cholesterilene at room temperature suggests that it is a rearrangement 
product since trichloroacetic acid may act as an isomerizing reagent. 
Furthermore, since a-cholesterilene can be obtained by the action of 
sulfuric acid-acetic anhydride at 85-90° from i-cholesterol but not from 
cholesterol under the same conditions and since i-cholesterol, a-cholesteri-
lene and c-cholesterilene are all dextrorotator, it is possible that a- and 
c-cholesterilene may have some connection with i-cholesterol. 
The variation in the optical rotation of cholesterilene prepared by 
various methods has not been explained. It can be seen that if dehydro-
genation, hydrogenation or a rearrangement should occur along with de-
hydration to form a dextrorotatory by-product, such as cholestenone, 
pseudocholestene, a- or c-cholesterilenes, in the preparation of cholesteri-
lene, then the optical rotation of the cholesterilene would depend on the 
removal of such impurities from the cholesterilene. The investigation is 
being continued. 
SUMMARY 
The literature on the dehydration of cholesterol including the 
preparation of the dehydration products with their physical and chemical 
properties has been reviewed. Five products-2,4-cholestadiene, choles-
terilene, dicholesteryl ether, a-cholesterilene and c-cholesterilene-should 
be recognized as different dehydration products which can be obtained 
from cholesterol. 
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a- and c-Cholesterilenes were prepared by various methods and were 
found to be dextrorotatory and to yield bromination products. The forma-
tion of dextrorotatory dehydration products in the preparation of choles-
terilene which as impurities would lower the negative optical rotation of 
cholesterilene was suggested as a possible explanation for the variation in 
the reported optical rotation of cholesterilene obtained by various 
methods. 
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The genus Reuteria Futon (1875) was originally founded for a new 
species, marqueti, collected in Toulouse, France, by M. Marquet. Reuter 
(1909) examined specimens of Capsus irroratus Say (1832) from North 
America and pronounced them identical with the European species 
Reuteria marqueti Futon (1875). Van Duzee (1917) in his "Catalogue 
of Hemiptera" and Oshanin (1909) in "Verzeichnis der Palaearktischen 
Hemipteren" follow Reuter in this synonomy. The present writer has ex-
amined specimens of Reuteria marqueti Futon from Europe and finds 
them different from the five American species considered in this paper. 
The genus Reuteria may be distinguished easily from allied genera 
by the black lines on the basal antennal segment. There are two longi-
tudinal black lines, lateral in position, which connect apically on the 
ventral aspect. The species are small, pale in color, with green dots, 
blotches, or tints of green on the hemelytra and femora. The male genital 
structures give distinctive characters for the species. 
Reuteria irrorata (Say) 
Capus irroratus Say, Het. Hem. New Harmony, p. 25, 1832. 
For many years all specimens of Reuteria have been considered as 
belonging to a single species, irrorata Say. Five species are recognized in 
the present paper of which one (Pl. I, fig. 3) has been selected as the form 
most likely described by Say. This species occurs chiefly on elm (Ulmus 
americana) and in addition to the structural characters found in the male 
genital segment, the hemelytra and dorsal aspect of posterior femora are 
conspicuously marked with green dots as given in the original description. 
Records: IOWA- t; June 29, 1931, Ames (H. H. Knight). ILLINOIS 
- t; June 23, 1918, t; 9 July 12, 1930, Urbana (T. H. Frison), on elm. 
t; 9 Aug. 11, 1932, Urbana (Knight, Mohr and Ross), on elm. 2 t; July 5, 
1932, Rockford (Dozier and Mohr). t; 9 July 14, 1932, Starved Rock 
(Dozier and Park), on elm. MINNESOTA-9July18, 1922, Ramsey Co.; 
t; 9 July 29, 1919 (H. H. Knight), on elm. NEW YORK- t; July 29, 1916, 
t; <;>Aug. 3, 1914, Batavia (H. H . Knight). 
Reuteria fuscicomis n, sp. 
Distiguished from irrorata Say by structure of the male genital 
claspers (Pl. I, fig. 1) and fuscous coloration of the second antennal 
segment. 
Male. Length 4.3 mm., width 1.3 mm. Head: width .65 mm., vertex 
.346 mm. Rostrum, length 1.21 mm., reaching to apices of middle coxae. 
Antennae: segment I, length .43 mm., pale, a heavy black longitudinal line 
on inner and one on outer margin, the two lines connected apically across 
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ventral aspect; II, 1.53 mm., blackish at base shading to fuscous on basal 
half, yellowish apically; III, 1.17 mm., yellowish; IV, .56 mm., dusky. 
Pronotum: length .52 mm., width at base 1.12 mm. Clothed with simple 
pale pubescence, hairs longer on prontum, embolium and vertex of head, 
a few fuscous hairs at tip of clavus; pubescence more recumbent and silky 
on clavus and corium. 
Coloration pale to whitish, hemelytra more translucent; apex and 
outer basal angle of cuneus, veins at tip of membrane cells, blotch on 
corium near tip of clavus, bluish green. Differs from irrorata Say in having 
much less green on the hemelytra. Ventral surface and legs pale, femora 
sometimes shaded with greenish but not forming distinct spots; tibiae with 
a black point at base. 
Female. Length 4.3 mm. Head: width .69 mm., vertex .38 mm. An-
tennae: segment I, length .43 mm.; II, 1.56 mm.; III, 1.16 mm.; IV, .70 mm.; 
color similar to the male. Pronotum: length .56 mm., width at base 1.12 
mm. Color and pubescence not differing from that of the male. 
Holotype: 3 August 13, 1915, Batavia, New York (H. H. Knight); 
author's collection. AUotype: same data as the type. Paratypes: 11 3 2 g 
taken with the types on hop hornbeam (Ostrya virginiana). NEW YORK 
- 3 Aug. 5, 1915, 3 July 29, 1916, 2 g Aug. 30, 1916, Batavia (H. H. 
Knight). 3 July 26, 1916, Ithaca (H. H. Knight). ILLINOIS-74 3 g 
June 25, 1932, Harrisburg (Ross, Dozier and Park), taken on ironwood 
(Carpinus caroliniana). 3 9 June 23, 1932, Karnak (Ross, Dozier and 
Park), on Carpinus caroliniana. IOWA- 3 5 g July 13, 1927, Ames (H. 
H. Knight). MINNESOTA- 3 July 6, 1921, St. Anthony Park (H. H. 
Knight) , at light. ONTARIO, CANADA-2 3 2 g July 7, 1916, Parry 
Sound (H. S. Parish). 
Reuteria bifurcata n. sp. 
Distinguished from allied species by the bifurcate form of the male 
genital claspers (Pl. I, fig. 2). Differs from irrorata and fuscicornis in the 
absence of green dots on clavus and corium. 
Male. Length 4.8 mm., width 1.6 mm. Head: width .75 mm., vertex .36 
mm. Rostrum, length 1.3 mm. , reaching to middle of intermediate coxae. 
Antennae: segment I, length .44 mm., black marks typical for the genus; 
II, .1.69 mm., yellowish, a distinct black ring at base; III, 1.21 mm., yellow-
ish to dusky; IV, .69 mm., dusky yellow. Pronotum: length .62 mm., width 
at base 1.25 mm. Clothed with pale simple pubescence as in the above 
species. 
Color pale to whitish, hemelytra more translucent, membrane and 
veins pale; apex of cuneus, a small spot at outer basal angle and tip cf 
embolium dark green. Legs pale, femora without green spots, tibiae with 
black spot on base. 
Female. Length 4.3 mm., width 1.65 mm. Head: width .74 mm., 
vertex .41 mm. Antennae: segment I , length .47 mm.: II, 1.69 mm.; III, 
1.12 mm.: IV .. 52 mm. Pronotum: length .60 mm .• width at base 1.22 mm. 
Color and pubescence not differing from that of the male. 
Holotype: 3 July 29, 1916, Batavia, New York (H. H. Knight); 
author's collection. AHot~1pe: same data as the type. Paratypes: NE'V 
YORK-4 g takPn with the types. 2 3 5 g July 30, 1916. 3 4 g July 31, 
1916, Batavia (H. H. Knight) . MARYLAND- 3 July 10. 1918, Odonton 
(W. L. McAtee). OKLAHOMA- 3 June 21, 1937, Sallisaw (Standish 
and Kaiser). 
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Reuteria querci n. sp. 
Allied to irrorata Say but distinguished by the structure of the male 
genital claspers (Pl. I, fig. 4). Females may be separated by absence of 
well formed green blotches on corium and paler veins in the membrane. 
Male. Length 4.3 mm., width 1.4 mm. Head: width .71 mm., vertex 
.35 mm. Rostrum, length 1.17 mm., reaching to near hind margins of 
middle coxae. Antennae: segment I, length .43 mm., marked with black 
as typical for the genus; II, 1.51 mm., yellowish, black at base; III, .95 mm., 
yellowish; IV, .56 mm., yellowish to dusky. Pronotum: length .56 mm., 
width at base 1.14 mm. Clothed with pale simple pubescence, clavus and 
corium with somewhat sericeous pubescence, a group of fuscous hairs at 
tip of clavus. 
Color pale to whitish, hemelytra pale to translucent, membrane clear, 
veins greenish. Margins of cuneus, small dots and blotches on corium and 
dots on clavus bluish green. The green blotches are smaller and less con-
spicuous than in irrorata. Legs pale, hind femora with some greenish but 
without well defined blotches; tibial knees black, tips of tarsi fuscous. 
Female. Length 4.4 mm., width 1.5 mm. Head: width .70 mm., vertex 
.36 mm. Antennae: segment I, length .43 mm.; II, 1.51 mm.; III, 1.08 mm.; 
IV, .21 mm. Pronotum: length .54 mm., width at base 1.08 mm. Coloration 
and pubescence similar to that of the male. 
Holotype: 5 July 25, 1924, St. Anthony Park, Minnesota (H. H. 
Knight); author's collection. Allotype: taken with the type. Paratypes: 
MINNESOTA-8 5 taken with the types on bur oak (Quercus macro 
carpa) which is the host plant of the species. 9 July 20, 1920, Ramsey Co.; 
5 2 9 Aug. 5, 2 9 Aug. 11, 1920, St. Anthony Park (H. H. Knight). 5 July 
20, 1920, Gray Cloud Island (H. H. Knight). IOWA-2 g 29July15, 1932, 
Ames (Andre and Travis). ILLINOIS- 9 June 22, Golconda; 2 5 2 9 
June 23, 1932, Karnak (Ross, Dozier and Park), on Quercus. 5 June 26, 
1934, Alton (DeLong and Ross). 6 June 23, 1932, Dixon Springs (Ross, 
Dozier and Park. 3 5 July 5, 1932, Rockford (Dozier and Mohr). 5 June 
27, 1932, Urbana (Frison and Ross), on oak. 2 5 July 4, 1933, White Heath 
(H. H. Ross). NEW YORK-2 g 19 Aug. 10, 5 5 9 Aug. 12, 1916, 5 Aug. 
5, g Aug. 24, 1915, Batavia (H. H. Knight), on Quercus macrocarpa. 
MARYLAND- 5 July 29, 1917, Odonton (W. L. McAtee) . VIRGINIA-
5 July 16, Falls Church (N. Banks). 
Reuteria pollicaris n. sp. 
Distinguished from allied species by the structure of the male genital 
claspers (Pl. I, fig. 5); the thumblike projections of each clasper suggesting 
the name. The absence of green spots on corium and clavus is suggestive 
of bifurcata but the fuscous mark bordering the larger areole may serve 
as a distinction for the separation of females. 
Male. Length 3.9 mm., width 1.5 mm. Head: width .71 mm., vertex 
.37 mm. Rostrum, length 1.56 mm., reaching upon apices of middle coxae. 
Antennae: segment I, length .39 mm., marked with black lines as typical 
for the genus; II, 1.43 mm., yellowish, a distinct black ring at base; III, 
broken. Pronotum: length .56 mm., width at base 1.08 mm. Clothed with 
simple pale pubescence. 
Color pale to whitish, hemelytra semitranslucent, membrane clear, 
veins green, a distinct fuscous line bordering apex of larger areole; ~oex 
of cuneus, a small spot on outer basal angle, and tip of embolium dark 
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green to fuscous. Legs pale, femora dusky to green on apical half, tibial 
knees with black spot, tips of tarsi fuscous. 
Holotype: ~June 25, 1921, Aberdeen, Mississippi (C. J. Drake); 
author's collection. 
Explanation of Plate I 
Male genital claspers of Reuteria species. a. left clasper, postero-
lateral aspect. b. right clasper, postero-lateral aspect. 
Fig. 1. Reuteria fuscicornis n. sp. 
Fig. 2. Reuteria bifurcata n. sp. 
Fig. 3. Reuteria irrorata (Say) 
Fig. 4. Reuteria querci n. sp. 
Fig. 5. Reuteria pollicaris n. sp. 
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In continuation of studies concerned with animal by-products, an 
early need was felt for suitable derivatives for _the characterization of 
high molecular weight fatty acids. Several excellent general studies 
(referred to later in this paper) have been reported on derivatives of 
acids. Unfortunately, however, derivatives of high molecular weight 
acids present a somewhat special problem for three reasons. First, the 
melting points of most derivatives of high molecular weight acids which 
differ by one or two carbon atoms lie relatively close together. Second, 
such derivatives of closely related acids do not usually show significant 
depressions in mixed melting point determinations. Third, derivatives of 
high molecular weight fatty acids are frequently more difficult to prepare 
and purify than the derivatives of simple acids. 
For these reasons, an examination has been made of new derivatives. 
It has been found that several of the derivatives prepared are suitable. 
The acids examined were lauric, myristic, palmitic, stearic and oleic. The 
tables contained in the Experimental Part give a concise account of the 
important properties, together with values of the mixed melting points of 
50%-50% mixtures of the related, successive members differing by two 
carbons. The Discussion of Results considers some advantages and dis-
advantages of the several derivatives. 
EXPERIMENTAL PART 
All melting point determinations were made by the capillary tube 
method in an oil bath which was stirred by means of a mechanical stirrer. 
The same thermometer was used for all melting points and was standar-
dized from time to time. All melting points are uncorrected. 
Unless otherwise stated, all acid chlorides used were prepared in a 
customary manner from the acid and thionyl chloride. Although the acid 
chlorides were purified by distillation under reduced pressure, equally 
good results were obtained when the acid chloride was not distilled (sub-
sequent to removal of the excess thionyl chloride). 
/"'--/"' N-Acylcarbazoles, I I i j .-The reactions for the prepara-
"'/"-N/"'/ 
I 
COR 
tion of these compounds were carried out in a small flask attached to a 
reflux condenser provided with a calcium chloride tube. To 1.67 g. 
(0.01 mole) of carbazole was added 0.01 mole of the acid chloride. The 
mixture was heated by an oil bath at 100-150° until the evolution of 
hydrogen chloride ceased, and this time was usually one hour or longer. 
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The black residue which is soluble in the usual organic solvents was 
crystallized from alcohol, to which decolorizing charcoal had been added. 
The N-palmitoyl derivative has been reported1• The N-acylcarbazoles 
can be prepared in good yields without the use of potassium carbazole1• 
The oleic acid derivative was an oil. When the N-acylcarbazoles are 
refluxed for a few minutes in an alcoholic-hydrogen chloride solution, 
hydrolysis is affected to give carbazole and the fatty acids. 
TABLE 1. N-Acylcarbazoles 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Compound point deriv. examined Calcd. Found yield 
N-Lauroylcarbazole 78-79° 68-72° 4.01 3.99 75 
N-Myristoy lcarbazole 81-82° 73-78° 3.71 3.63 85 
N-Palmitoylcarbazole 85-86° 75-78° 3.46 3.60 80 
N- Stearoy lcarbazole 91-92° 5.23 3.39 83 
/ "-/s'-/"-
N-Acylphenothiazines, I I I I. -The preparation of these 
"-/'-N/ "-/ 
I 
COR 
compounds from phenothiazine was similar to the method used with the 
carbazole derivatives. The acyl derivatives crystallized from alcohol as 
yellow needles. The oleic acid derivative was an oil. 
TABLE 2. N-Acylphenothiazines 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Compound point deriv. examined Calcd. Found yield 
N-Lauroy lphenothiazine 70° 64-67° 3.68 3.89 78 
N-Myristoy lphenothiazine 75° 65-68° 3.42 3.65 78 
N-Palmitoy lphenothiazine 80° 75-78° 3.20 3.50 75 
N-Stearoylphenothiazine 86° 3.01 3.30 70 
N-Acyl-p-toluenesulfonamides, p-CH3C6H 4S02NHCOR.-The p-tolu-
enesulfonamide and acid chloride, in equivalent quantities, were heated 
for two hours at 100-125°. Crystallization was effected from alcohol, and 
again the oleoyl derivative was an oil. 
'Copisarow, J . Chem. Soc., 113, 816 (1918). 
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TABLE 3. N-Acyl-p-toluenesulfonamides 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
--Compound point deriv. examined Calcd. Found yield 
N-Lauroyl-p-toluene-
sulfonamide 83-84° 70-73° 3.97 4.06 50 
N-Myristoy 1-p-toluene-
sulfonamide 89-90° 75-78° 3.68 3.77 65 
N-Palmitoy 1-p-toluene-
sulfonamide 93-94° 83-85° 3.42 3.49 65 
N-Stearoyl-p-toluene-
sulfonamide 98-99° 3.20 3.36 60 
p-Phenylphenacyl Esters, p-C6H5C6H.iCOCH20COR.-These deriva-
tives were prepared in accordance with the directions of Drake2 from 
p-phenylphenacyl bromide, the acid and sodium carbonate. The esters of 
lauric, stearic and oleic acids were reported previously2• Our p-phenyl-
phenacyl ester of stearic acid melted at 97° and not at 91°. 
TABLE 4. p-Phenylphenacyl esters 
Mixedm.p. Anal. percentage C and H 
Melting with next higher Carbon Hydrogen Pctg. 
Acid point deriv. examined Calcd. Found Calcd. Found yield 
Laurie 86° 75-78° 92 
Myristic 90° 80-85° 79.62 79.80 9.00 9.10 82 
Palmitic 94° 85-88° 80.00 80.15 9.31 9.45 91 
Stearic 97° 80.33 80.50 9.62 9.70 93 
Oleic so 0 
p-Nitroanilides, p-N02C6H 4NHCOR.-These derivatives were pre-
pared in accordance with the procedure used by Kuhen and McElvain3, 
for the corresponding p-bromoanilides. Crystallization was from alcohol. 
Acid 
Laurie 
Myristic 
Palmitic 
Stearic 
TABLE 5. p-Nitroanilides 
Melting 
point 
78° 
840 
93° 
96° 
co 
/ "-,/ " 
Mixedm.p. 
with next higher 
deriv. examined 
75-78° 
84-86° 
88-91° 
Anal. percentage N Pctg. 
Calcd. Found yield 
9.27 9.13 65 
8.05 8.08 69 
7.82 7.79 70 
6.93 7.00 70 
N-Acylsaccharins, I I N-COR. - To a suspension of (0.01 
"-/"-so( 
• Drake and Bronitsky, J. Am. Chem. Soc., 52, 3715 (1930). 
• Kuhen and McElvain, ibid., 53, 1173 (1931). 
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mole) of the sodium salt (prepared from saccharin and sodium hydroxide) 
in 25 cc. of dry chloroform or benzene was added 0.01 mole of the acid 
chloride. The mixture was refluxed for 3 hours and then filtered hot. 
Crystallization was from alcohol. The lauric acid derivative is slightly 
sweet, but the myristic, palmitic and stearic derivatives are not sweet. 
The oleoyl derivative was an oil. 
TABLE 6. N-Acylsaccharins 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Compound point deriv. examined Calcd. Found yield 
N-Lauroy !saccharin 88-89° 73-78° 3.84 3.81 60 
N-Myristoy !saccharin 90-91° 80-84° 3.56 3.64 76 
N-Palmitoylsaccharin 90° 84-87 ° 3.33 3.49 80 
·--N-Stearoylsaccharin 95° 3.12 3.27 82 
2, 4-Dinitrophenylhydrazides, 2, 4- (N02) 2C6H3NHNHCOR. -These 
derivatives were prepared in accordance with the procedure applied by 
Cerezo and Olay4 to some lower weight fatty acids. After refluxing 
the benzene solution for 15 minutes, the fine yellow needles were crystal-
lized from alcohol. The stearoyl derivative has been reported4 as melting 
at 120°. The oleoyl derivative was obtained as a red viscous oil. 
TABLE 7. 2,4-Dinitrophenylhydrazides 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Acid point deriv. examined Calcd. Found yield 
Laurie 110-111° 95-102° 14.74 14.67 50 
Myristic 118° 110-113° 13.72 13.63 60 
Palmitic 120-121° 112-115° 12.85 12.73 78 
Stearic 123° 75 
N-Acyl-2-nitro-p-toluidides, (2-NO~) (4-CH3 ) C6H 3NHCOR. -The 
acid chloride and 2-nitro-p-toluidine (in equivalent quantities, as usual) 
were heated for 3 hours at 100-150°. The yellow crystals were obtained 
from alcohol. 
TABLE 8. N-Acyl-2-nitro-p-toluidides 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Compound point deriv. examined Calcd. Found yield 
N-Lauroyl-2-nitro-
p-toluidide 62-63° 58-60° 8.38 8.26 83 
N-Myristoyl-2-nitro-
p-toluidide 73-74° 65-68° 7.73 7.92 82 
N-Palmitoyl-2-nitro-
p-toluidide 78-79° 72-74° 7.18 7.25 80 
N-Stearoyl-2-nitro-
p-toluidide 85° 6.70 6.90 75 
• Cerezo and Olay, Anales Soc. espan. fis. quim., 32, 1090 (1934) . 
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p-Tolylmercuric salts, p-CH3C6H4Hg0COR. -A mixture of 0.005 
mole of di-p-tolylmercury, 0.005 mole of the acid and 25 cc. of xylene was 
refluxed for 8 hours. The fine crystals were obtained from alcohol. Each 
derivative when heated with hydrochloric acid gave the corresponding 
acid, toluene, and mercuric chloride. The oleic acid derivative was a 
viscous oil. 
TABLE 9. p-Tolylmercuric salts 
Mixedm.p. 
Melting with next higher Anal. percentage Hg Pctg. 
Acid point deriv. examined Calcd. Found yield 
Laurie 93-94° 80--85° 40.76 40.40 65 
Myristic 95-96° 84--89° 38.56 38.20 65 
Palmitic 99° 85-92° 36.70 36.27 75 
Stearic 102-103° 34.91 34.40 60 
Phenylmercuric Salts, C6H5Hg0COR.-These derivatives were pre-
pared after the method used with the p-tolylmercury salts, but the period 
of refluxing in xylene was 5 hours. Boiling hydrochloric acid cleaved the 
compounds to the corresponding acid, benzene and mercuric chloride. 
Phenylmercuric myristate was prepared earlier5 by heating to 120° a 
mixture of myristic acid and diphenylmercury in alcohol. The oleoyl de-
rivative was obtained as a viscous oil. 
TABLE 10. Phenylmercuric salts 
Mixedm.p. 
Melting with next higher Anal. percentage Hg Pctg. 
Acid point deriv. examined Calcd. Found yield 
Laurie 82° 68-73° 41.96 41.50 50 
Myristic 86° 75--78° 39.63 39.30 50 
Palmitic 93° 80--85° 37.66 37.50 60 
Stearic 95° 35.78 35.40 71 
Triphenyllead Salts, (C6H 5) 3PbOCOR.-The solution of 0.005 mole 
tetraphenyllead and 0.005 mole of acid in 25 cc. of xylene was refluxed 
for 10 hours. In this way, only a very small amount of tetraphenyllead was 
recovered, but more tetraphertyllead was recovered when the period of 
refluxing was only 5 hours. Crystallization was from alcohol. When 
hydrogen chloride was passed into chloroform solutions of the compounds, 
a precipitate of diphenyllead dichloride formed immediately. The fatty 
acids were also isolated· in the cleavage products. Analysis for lead was 
by the gravimetric method6 used in related studies. 
Under corresponding conditions, there was no reaction between 
tetraphenyltin and stearic acid; no reaction after refluxing in xylene for 10 
hours with silica gel7 as a catalyst; and no reaction after heating tetra-
phenyltin and stearic acid in 95% alcohol for 6 hours at 150-180° in a 
•Otto, J. prakt. Chem., [2] 1, 185 (1870). 
•Gilman and Robinson, J. Am. Chem. Soc., 50, 1714 (1928). 
1 Browne and Reid, ibid., 49, 830 (1927). 
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sealed tube. These negative results confirm the relative reactivities8 of 
organotin and organolead compounds. 
TABLE 11. Triphenyllead salts 
Mixedm.p. 
Melting with next higher Anal. percentage Pb Pctg. 
Acid point deriv. examined Calcd. Found yield 
Laurie 91° 82-84° 32.53 32.90 89 
Myristic 102-103° 94-100° 30.44 30.75 60 
Palmitic 110° 108-110° 29.89 29.40 55 
Stearic 112° 28.73 28.74 50 
Monoureides, H2NCONHCOR.-The monoureide of stearic acid was 
first prepared in accordance with the procedure of Stendal9 from urea, 
ethyl stearate, and sodium ethylate in pyridine. Better yields of the mono-
ureides were then obtained by refluxing for 3 hours a mixture of 0.01 
mole of urea, 0.01 mole of acid chloride and 25 cc. of dry pyridine. 
Crystallization was affected from an alcohol-acetic acid solution. Also, 
the stearoylurea was prepared in a 30% yield by refluxing urea and 
stearoyl chloride in dry benzene for 6 hours. The ureides of stearic9• 10 
and oleic9 acids have been reported. 
TABLE 12. Monoureides 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Acid point deriv. examined Cal ed. Found yield 
Laurie 182° 175-177° 11.60 11.86 66 
Myristic 178° 173-175° 10.37 10.66 60 
Palmitic 175° 170-173° 9.39 9.56 70 
Stearic 174° 60 
Oleic 160° 50 
Monothioureides, H 2NCSNHCOR.-These derivatives were prepared 
like the ureides from thiourea and the acid chloride in pyridine. 
Crystallization was from alcohol. 
Distearoylthiourea, C17H35CONHCSNHCOC17H35, was prepared by 
adding a mixture of 22 cc. of 25% sodium ethylate, 7 cc. pyridine, and 
1.44 g. (0.02 mole) of thiourea to 4 g. of ethyl stearate. After 24 hours the 
mixture was added to dilute acetic acid to give a 50% yield of crude 
product, which when crystallized from alcohol melted at 100°. 
Anal. Calcd. for C37H 720 2N2S: N, 4.61. Found: N, 4.81and4.61. 
• Gilman and Nelson, Rec. trav. chim., 55, 518 (1936). 
•Stendal, Compt. rend., 196, 1810 (1933). 
10 Jacobson, J. Am. Chem. Soc., 58, 1984 (1936). 
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TABLE 13. Monothioureides 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Acid point deriv. examined Calcd. Found yield 
Laurie 138° 132-136° 10.85 10.82 85 
Myristic 135° 128-130° 9.78 9.99 70 
--
Palmitic 135-136° 128-130° 8.91 8.93 71 
Stearic 133° 8.18 8.19 85 
Oleic 112-113° 8.23 8.35 40 
p-Xenylamides, p-C6H 5C6H 4NHCOR.-These derivatives were pre-
pared by treating equimolecular quantities of the acids and p-xenylamine 
in a sealed tube for 5 hours at 135-140°, and crystallizing from alcohol, or 
better from ethyl acetate11• Equally good yields were obtained when the 
amine and acid chloride were heated for 5 hours at 150-200°. 
TABLE 14. p-Xenylamides 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Acid point deriv. examined Calcd. Found yield 
Laurie 146° 135-140° 3.98 3.84 45 
--Myristic 143° 133-135° 3.69 3.76 40 
Palmitic 142° 137-139° 3.44 3.34 55 
Stearic 143° 3.22 3.26 60 
p-Acylbiphenyls, p-CGH5C6H 4COR.-Each of these derivatives was 
prepared by a Friedel-Crafts reaction in carbon disulfide. Crystallization 
was from ethyl acetate. The position of the acyl group in the stearoyl 
derivative was shown12 to be para by comparison with an authentic speci-
men prepared from p-phenylphenylmagnesium bromide and stearonitrile. 
· It was assumed that the same orientation applied to the other acyl deriva-
tives. A preliminary experiment indicated that the oleoyl ketone probably 
was tied up as an aluminum chloride complex13 • 
11 Kimura and Nihayashi, Ber., 68B, 2028 (1935). 
12 Studies by M. R. McCorkle. See, also, Ralston and Christensen, Ind. Eng. Chem., 
29, 194 (1937). 
" Gangloff and Henderson, J . A m . Chem. Soc., 39, 1420 (1917). 
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TABLE 15. p-Acylbiphenyls 
Mixedm.p. Anal. percentage C and H 
Melting with next higher Carbon Hydrogen Pctg. 
Compound point deriv. examined Calcd. Found Calcd. Found yield 
Lauroyl-
biphenyl 101-102° 90-94° 85.71 85.90 9.52 9.60 77 
Myristoyl-
bi phenyl 102-103° 96-98° 85.71 85.60 9.89 9.98 73 
Palmitoyl-
biphenyl 103-104 ° 97-99° 85.71 85.85 10.20 10.50 76 
Stearoyl-
biphenyl 106-107° 85.71 85.50 10.48 10.70 75 
RCO_/"---/"-_COR 
2,8-Diacylcarbazoles, I I I I . -The Friedel-Crafts 
"-/"-N/ ""-/ 
I 
H 
reactions were carried out with 0.005 mole of carbazole, 0.01 mole of acid 
chloride, 0.02 mole of aluminum chloride and 25 cc. of nitrobenzene. The 
mixture was stirred for 12 hours at room temperature and then worked 
up in a customary manner. The 2,8-distearoylcarbazole was prepared 
earlier12• Although the positions of the acyl groups were not established 
experimentally, there is no doubt that they are 2 and 8, inasmuch as the 
corresponding diacyl compound14 (prepared analogously) was shown to 
have the acyl groups in positions 2 and 8. 
TABLE 16. 2,8-Diacylcarbazoles 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Compound point deriv. examined Calcd. Found yield 
2,8-Dilauroylcarbazole 176° 155-160° 2.50 2.70 50 
2,8-Dimyristoy lcarbazole 169° 158-163° 2.39 2.57 50 
2,8-Dipalmitoylcarbazole 162° 160-162° 2.28 2.47 65 
2,8-Distearoylcarbazole 163° 2.18 2.30 65 
p-Acylaminobenzoic Acids, p-HOOCC6H 4NHCOR.-Reactions were 
carried out by refluxing for 5 hours a mixture of 0.01 mole of p-amino-
benzoic acid, 0.01 mole of acid chloride and 25 cc. of dry pyridine. Puri-
fication was effected by crystallization from acetic acid. 
"Plant, Rogers and Williams, J. Chem. Soc., 741 (1935). 
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TABLE 17. p-AC1Jlaminobenzoic acids 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Compound point deriv. examined Calcd. Found yield 
p-Lauroylaminobenzoic 
acid 227-228° 225-227° 4.39 4.53 80 
p-Myristoylaminobenzoic 
acid 224-225° 222-225° 4.03 4.19 72 
p-Palmitoylaminobenzoic 
acid 22~227° 220-224° 3.73 3.80 60 
p-Stearoylaminobenzoic 
acid 221° 3.47 3.72 75 
N-Palmitoyl- and N-Stearoylanthranilic Acids, o-HOOCC6H4NHCOR. 
-These derivatives were prepared by refluxing for 5 hours a mixture of 
0.01 mole ·of anthranilic acid, 0.01 mole of the acid chloride and 25 cc. of 
dry chloroform. Crystallization was from alcohol. 
The N-palmitoylanthranilic acid melted at 100°. 
Anal. Calcd. for C2:iH370 3N: N, 3.37. Found: N, 3.90. 
The N-stearoylanthranilic acid melted at 113°. 
Anal. Calcd. for C25H410 3N: N, 3.47. Found: N, 3.65. 
A mixed melting point determination of a 50% mixture of the two 
acids melted at 90-93°. The oils obtained from reactions with lauroyl and 
myristoy 1 chlorides have not yet crystallized. 
3-Palmitoyl- and 3-Stearoylaminodibenzofuran, 
A mixture of 0.01 mole of 3-aminodibenzofuran and 0.01 mole of the acid 
chloride was heated for 5 hours at 125-160°. Crystallization was from 
acetone. 
The 3-palmitoylaminodibenzofuran melted at 130°. 
Anal. Calcd. for C28H8002N: N, 3.32. Found: N, 3.33. 
The 3-stearoylaminodibenzofuran melted at 134°. 
Anal. Calcd. for C30H430 2N: N, 3.12. Found: N, 3.30. 
A mixed melting point determination of a 50% mixture of the two 
compounds melted at 130°. 
Sym.-Diacylbenzidines, RCONHC6H4C6H4NHCOR. -These deriva-
tives were prepared by refluxing for 5 hours a mixture of 0.005 mole of 
benzidine, 0.01 mole of the acid chloride and 25 cc. of dry pyridine. Puri-
fication was effected by crystallizing from pyridine. These derivatives are 
insoluble in the ordinary organic solvents; and although they are slightly 
soluble in hot acetic acid they do not crystallize well from this solvent. 
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TABLE 18. Sym.-Diacylbenzidines 
Mixedm.p. 
Melting with next higher Anal. percentage N Pctg. 
Compound point deriv. examined Calcd. Found yield 
Dilauroylbenzidine 248° 238-240° 5.10 5.28 84 
Dimyristoylbenzidine 241-242° 230-233° 4.63 4.80 83 
Dipalmitoy lbenzidine 233° 226-228° 4.24 4.40 77 
Distearoy lbenzidine 232° 3.91 4.00 93 
N-Stearoyl-2-stearoylcarbazole, 
stearoylcarbazole12 was prepared from carbazole, stearoyl chloride and 
aluminum chloride in nitrobenzene. The yield was 60% and the compound 
melted at 103-105° after crystallization from alcohol. Then, 0.01 mole of 
2-stearoylcarbazole and 0.01 mole of stearoyl chloride was heated at 
150-200° until hydrogen chloride was no longer evolved. Crystallizations 
from acetone and then from ethyl acetate gave 2.5 g. of compound melting 
at 86-87°. 
Anal. Calcd. for C48H770~N: N, 2.03. Found: N, 2.25 and 2.30. 
When a Friedel-Crafts reaction was carried out between 0.01 mole of 
N-stearoylcarbazole, 0.02 mole of stearoyl chloride and 0.02 mole of 
aluminum chloride in 40 cc. of nitrobenzene, there resulted a 45% yield of 
2,8-distearoylcarbazole which was identified by the method of mixed 
melting points. Hydrolysis of N-stearoyl-2-stearoylcarbazole by refluxing 
with alcoholic-hydrochloric acid for 4 hours yielded 2-stearoylcarbazole 
and stearic acid. 
Under corresponding conditions there was no evidence of significant 
rearrangement of 1-stearoylaminonaphthalene15, C10 H7 NH C 0 C17 H 35. 
That is, the N-acyl group in naphthalene did not rearrange to the C-acyl 
group as was the case with carbazole, instead most of the 1-stearoylamino-
naphthalene was recovered. Of course, we may not be dealing here with 
a true rearrangement but rather with a cleavage followed by acylation. 
DISCUSSION OF RESULTS 
Potentially there is a possibility of having a staggering number of 
acid derivatives. Actually there are very many acid derivatives in a 
broad sense, because the carboxyl group in acids has lent itself to the 
preparation of many derivatives which crystallize well and have sharp 
melting points. However, only scattered studies have been carried out 
on a series of acids with a selected reactant with a view to obtaining a 
broadly useful derivative. Limitation of space precludes a full account of 
such studies. Some of the more extensive and also more recent investiga-
tions have been made by Reid, Kelly, Drake, De'Conno, Robertson, 
McElvain, Ralston, Brauns, Cerezo, Tucker, Donleavy, Pollard and their 
co-workers. 
15 De'Conno, Gazz. chim. ital.,, 47, I , 93 (1917) [C.A., 12, 1172 (1918) ]. 
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Among the derivatives which have been examined more systematic-
ally are the p-nitrobenzyl esters16; substituted and unsubstituted phenacyl 
esters17 ; substituted amides1 8 ; imidazoles10 ; substituted hydrazides20 ; 
S-benzyl thiouronium salts2 1 ; piperazides22 ; and monoureides23 • 
Some specific comments on the series of derivatives now reported by 
us follow. The N-acylcarbazole derivatives appear to be the most satis-
factory for identifying ]auric, myristic, palmitic and stearic acids. These 
derivatives require a relatively short time to prepare and give good yields 
of an easily purified crystalline product. They show a difference in melt-
ing points of adjacent members of from 3-5°, and a depression of mixed 
melting points of from 4-8°. 
The N-acyl-p-toluenesulfonamides are quite stable. These derivatives 
show an even larger depression in mixed melting points than the carbazole 
derivatives, varying from 8 to 11 °. They crystallize well from alcohol 
or acetone, and only two or three crystallizations are necessary for 
purification. 
The p-phenylphenacyl esters have proven satisfactory derivatives for 
a large number of acids17• They have one decided advantage in that they 
are prepared from the sodium salt of the acid. The derivatives of !auric, 
myristic, palmitic and stearic acids are colorless crystals. 
The phenothiazine derivatives are similar to the carbazole derivatives, 
however, they are not so satisfactory. The do crystallize well, but are 
somewhat lower melting and show a smaller depression in mixed melting 
points than the corresponding carbazole derivatives. 
The N-acyl-2-nitro-p-toluidine derivatives are much better deriva-
tives than a large number of those which are listed in the literature. 
However, they show a smaller difference in melting points between suc-
cessive compounds than some derivatives which are described in this 
report. 
The saccharin derivatives are quite stable, and they are readily pre-
pared from the sodium salt of saccharin and the acid chloride in some 
inert solvent, such as chloroform or benzene. 
In this study, the 2,4-dinitrophenylhydrazides are the most easily 
prepared derivatives in terms of time consumed. These derivatives are 
16 Reid and co-workers, J . Am. Chem. Soc., 39, 124, 701, 1727 (1917); Kelly and 
Segura, ibid., 56, 2497 (1934); Blicke and Smith, ibid., 51, 1947 (1929). 
"Reid and co-workers, ibid., 41, 75 (1919); 42, 1043 (1920); 43, 629 (1921); 52, 818 
(1930) ; 54, 2101 (1932); Kelly and Kleff, ibid., 54, 4444 (1932); Drake and Bronitsky, 
ibid., 52, 3715 (1930); Drake and Sweeney, ibid., 54, 2059 (1932); Wrede and Rathaas, 
Ber., 67B, 739 (1934). 
18 De'Conno (Ref. 15); Robertson, J. Chem. Soc., 115, 1210 (1919); Kuhen and 
McElvain, J. Am. Chem. Soc., 53, 1173 (1931); D'Alelio and Reid, ibid., 59, 109, 111 
(1937); Carre and Libermann, Bull. soc. chim., 53, 293 (1933); Hardy, J. Chem. Soc., 
398 (1936); Tucker, J. Am. Chem. Soc., 57, 1989 (1935); Birosal and Huang, see C.A. 
27, 5728 (1933); Escher, Helv. Chim. Acta, 12, 27 (1929); Kimura and Hihayashi, Ber., 
68B, 2028 (1935). 
19 Pool, Harwood and Ralston, J. Am. Chem. Soc., 59, 178 (1937). 
20 Brauns, ibid., 42, 1478 (1920); Vesely and Haas, Chem. Listy, 21, 351 (1927); 
[C.A., 22, 58 (1928)]; Cerezo and Olay, Anales soc. espa:ii. fis. quim., 32, 1090 (1934). 
21 Donleavy, J. Am. Chem. Soc., 58, 1004 (1936). 
22 Pollard and co-workers, ibid., 56, 150, 1759 (1934). 
2
' Stendal, Compt. rend., 196, 1810 (1933); Jacobson, J. Am. Chem. Soc., 58, 1984 
(1936). 
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easily crystallized and give well-defined yellow needles. Only one or two 
crystallizations are necessary to obtain a pure product. The one disad-
vantage to these derivatives is that the melting points do not exhibit as 
wide a range as desired. However, this is somewhat obviated by the use of 
mixed melting points. Even though the stearoyl and palmitoyl derivatives 
show only 2° difference in melting points there is a lowering of 8° in mixed 
melting points. 
The p-xenylamides have high melting points, relatively speaking, but 
exhibit a very small difference in melting points between adjacent mem-
bers. This disadvantage is not overcome by mixed melting points. 
The monoketones and diketones (prepared by attaching one or two 
acyl groups to carbon) are not very satisfactory derivatives. They are 
more difficult to prepare than most of the previously mentioned deriva-
tives and do not form well-defined crystalline compounds. This is especi-
ally true of the diketones which are non-crystalline and are very difficult 
to purify. However, these disadvantages would not be so great provided 
the compounds showed a wide range in melting points and a large depres-
sion in mixed melting points. Unfortunately, this is not the case. 
The ureides and thioureides have well-defined physical properties 
which make purification and analysis most convenient. These compounds 
are easily prepared in good yields but have the disadvantage that they 
show very little variation in melting points. Mixed melting point deter-
minations do not remove this difficulty. 
The mercury and lead salts have the disadvantage of being relatively 
inaccessible. More particularly they show no exceptional properties as 
derivatives, in fact they are much less satisfactory than several derivatives 
previously mentioned in this study. 
The N-acylanthranilic acid derivatives have excellent properties in 
so far as melting points are concerned. However, they are difficult to pre-
pare and purify; a large number of crystallizations are necessary for puri-
fication. The lower members were oils. 
Considering the ease of preparation and purification as well as the 
range in melting points and depression of mixed melting points, the ten 
best series of derivatives in this study may be listed in the following order 
of decreasing importance; (1) the N-acylcarbazole derivatives; (2) the 
N-acyl-p-toluenesulfonamides; (3) the p-phenylphenacyl esters; (4) the 
N-acylphenothiazine derivatives; (5) the N-acyl-2-nitro-p-toluidine de-
rivatives; (6) the N-acylsaccharin derivatives; (7) the 2,4-dinitrophenyl-
hydrazides; (8) the p-nitroanilides; (9) the phenylmercuric ·salts; (10) 
the p-xenylamides. 
The results of the !?resent study assist in making available several 
useful types of derivatives, and there are occasions when complete char-
acterization warrants the preparation of more than one derivative. It is, of 
course, not certain that some of the new types now described can be used 
for derivativizing satisfactorily other lower or higher acids, normal or 
branched. 
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SUMMARY 
Several derivatives useful for the characterization of lauric, myristic, 
palmitic and stearic acids have been described. 
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Studies on flavor development in cheddar cheese have included pri-
marily changes in the proteins. The formation and accumulation of 
various compounds through breakdown of the casein complexes often 
have been considered responsible for the typical "cheddar" flavor. 
Changes in the fat have been investigated relatively little. 
The fats of cheeses other than cheddar have received some attention. 
Orla-Jensen (5) studied hydrolysis of the fats in various cheeses and 
related the products formed to certain cheese flavors. Windisch (7) noted 
changes in the fats of four cheeses made in Germany and suggested that 
enzymes produced by certain bacteria hydrolyzed the fats with formation 
of free fatty acids; a portion of these acids disappeared with continued 
ripening of the cheeses. Currie (2) associated the typical flavor of roque-
fort cheese with formation of certain fatty acids and their salts from the 
fat. Lane and Hammer (4) found progressive increases in the acid num-
bers of the fat of blue (roquefort type) cheese as the cheese ripened. In 
recovering certain flavor constituents from cheddar cheese by distillation, 
Suzuki, Hastings and Hart (6) suggested the possibility of fat hydrolysis 
accounting for the relatively large amounts of fatty acids obtained. 
In experiments with cheddar cheese at the Iowa Agricultural Experi-
ment Station, fat and serum from ripened cheese often were recovered 
by pressure (3). After these materials had been separated and filtered, 
they were examined frequently for taste and aroma. With ripened cheese, 
both the fat and the serum had a flavor suggestive of the original product. 
The fat regularly was distinctly cheesy; the serum likewise suggested 
cheese (3) although it also was comparable in flavor to certain protein 
decomposition products. Since it appeared that flavor constituents of 
cheddar cheese are contained in the fat, additional studies on the fat 
seemed desirable. 
ACID NUMBERS OF CHEDDAR CHEESE FAT 
Fat was recovered from cheese by pressure (3), a mixture of 400 gm. 
of finely divided cheese and 600 gm. of very fine sand commonly being 
used, and was separated from the accompanying serum in a separatory 
funnel and then filtered through paper. The acids in the fat were titrated 
with the alcoholic potassium hydroxide method suggested by Breazeale 
and Bird (1). For comparison, fat was recovered from butter by melting 
the butter and filtering the fat through paper and from blue cheese by the 
method used with cheddar cheese. Table 1 presents acid numbers of fats 
from 20 samples of cheddar cheese, 5 of normal, sweet cream butter. 5 of 
rancid butter, and 5 of blue cheese; the values are recorded as milliliters 
of OJ N. pota551um hydroxide required t0 neutralize 10 gm. of fat. 
The acid numbers of fats from cheddar cheese were definitely higher 
than those of fats from normal, sweet cream butter and approached those 
1 Journal Paper J-601 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 385. 
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TABLE 1. Acid numbers of fats from cheddar cheese and other dairy products 
Approximate Acid no. as ml. 
Sample Source of Milk or age of O.lN. KOH per 
no. product cream used product lOgm.fat 
Cheddar cheese 
1 Wisconsin Raw Well aged 2.15 
2 Wisconsin Raw Well aged 2.65 
3 Wisconsin Raw 18 mo. 2.6 
4 Wisconsin Raw 19 mo. 2.15 
5 Canada Raw 19 mo. 3.5 
6 Wisconsin Raw Well aged 2.6 
7 New York Raw Well aged 5.9 
8 Wisconsin Raw Well aged 3.2 
9 Wisconsin Raw 24 mo. 3.6 
10 Wisconsin Raw 7 mo. 1.8 
11 Wisconsin Raw 24 mo. 3.2 
12 New York Raw 36 mo. 9.6 
13 Iowa Raw 8 mo. 2.4 
14 Iowa Past. 6 mo. 1.7 
15 Iowa Past. 8 mo. 1.5 
16 Iowa Past. 14 mo. 1.75 
17 Iowa Past. 14 mo. 1.5 
18 New Zealand 48 mo. 4.4 
19 Iowa Past. 22 mo. 1.9 
20 Washington Past. 24 mo. 2.3 
Normal, sweet cream butter 
1 Iowa Past. lda. 0.4 
2 Iowa Past. lda. 0.5 
3 Iowa Past. 2da. 0.45 
4 Iowa Past. 2da. 0.55 
5 Iowa Past. 2da. 0.5 
Rancid butter• 
~ Iowa Past. !Oda. 2.5 Iowa · Past. !Oda. 2.35 Iowa Past. !Oda. 4.0 Iowa Past. !Oda. 9.7 Iowa Past. !Oda. 7.9 
Blue (roquefort type) cheese 
1 Wisconsin Raw 12 mo. 22.0 
2 Iowa Raw•• 5 mo. 25.5 
3 Iowa Past.•• 5 mo. 16.0 
4 Denmark 13 mo. 27.0 
5 France 14 mo. 23.2 
* Made from pasteurized sweet cream inoculated with lipolytic organisms. 
** homogenized. 
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of fats from butter that was definitely rancid. They were very low com-
pared to values on fats from blue cheese since this type requires extensive 
fat hydrolysis by the mold for development of the characteristic flavor. 
The acid numbers of fats from raw milk cheese were usually higher than 
those of fats from pasteurized milk cheese. In general, the results suggest 
a change in the acid number of fat of cheddar cheese during ripening, 
whether raw or pasteurized milk is employed. 
CHANGES IN ACID NUMBER OF FAT AND IN VOLATILE ACIDITY OF 
CHEDDAR CHEESE DURING RIPENING 
Changes in acid number of the fat and in volatile acidity of cheddar 
cheese during ripening were studied with six lots of cheese. For each lot, 
510 pounds of milk, testing about 3.8 per cent fat, was thoroughly mixed 
and divided into two equal portions; one portion was pasteurized at 62.8°C. 
for 30 minutes. The two portions of milk were made into longhorns with 
the methods followed in earlier studies (3). After 2, 90 and 200 days of 
ripening, the acid numbers of the fats and the volatile acidities were 
determined on each type of cheese. The method used for the volatile 
acidities consisted of distilling with steam a mixture of 400 gm. of cheese 
and 100 ml. lN. sulfuric acid and titrating the first liter of distillate with 
O.lN. sodium hydroxide; the results are expressed as milliliters of the 
alkali required. With only 1 liter of distillate not all the volatile acids are 
recovered so that the values are useful primarily for comparative pur-
poses. The acid numbers and volatile acidities, together with data on the 
cheese flavors, are presented in table 2. 
The acid numbers of fats from fresh cheese (2 days old) were rela-
tively high compared to the values on fats from sweet cream butter 
(table 1). As ripening progressed the values increased, whether the 
cheese was from raw or pasteurized milk. The acid numbers of fats from 
TABLE 2. Changes in acid number of fat and volatile acidity of cheddar cheese during 
ripening 
Total vol. acidity as 
Acid no. as ml. O.lN. ml. O.lN. NaOH per 
Sample Milk KOH per 10 gm. fat ~O gm. cheese Flavor of cheese 
no. used 2days 90 days 200days 2days 90days 200 days after 200 days 
1-I Raw I.2 1.8 2.4 I8.4 3~.:'.!_ "36.4 V. • good, sharp 
I-2 Past. I.O 1.2 I.45 I0.3 I6.0 22.2 Good, mild 
2-I Raw 1.3 I.6 2.2 I5.3 40.I 35.2 V. good, sharp 
- - -- - - - - --2-2 Past. 1.0 I.I I.3 9.5 I4.3 23.8 Good, mild 
3-I Raw I.25 1.6 2.I5 I7.5 32.5 3I.O V. good, sharp 
- -- - -3-2 Past. 0.9 I.I 1.15 11.2 I6.5 23.5 Good, sl.t lacking 
4-I Raw 1.0 I.3 2.25 I2.0 39.8 37.I Sharp, sl. bitter 
4-2 Past. 0.75 0.9 I.I 10.0 I5.2 33.6 Good, sl. lacking 
5-I Raw I.O 1.3 2.45 I2.8 44.8 28.5 Sharp, sl. bitter 
·- -5-2 Past. 0.8 0.85 1.05 I2.7 25.3 28.2 SI. sour, sl. lacking 
6-I Raw I.05 I.5 2.35 I2.7 32.I 35.7 V. sharp, sl. ferm.:j: 
- - - - - 0.85- SL sour, sl. lacking 6-2 Past. I.O 1.15 9.0 I6.0 2I.3 
• V=very. t sl. =slightly. :j: ferm. =fermented. 
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raw milk cheese were slightly higher when the cheese was fresh and also 
showed greater increases than those of fats from pasteurized milk cheese 
so that at the end of the ripening the former were roughly twice the latter. 
The volatile acidities of raw milk cheese were regularly higher than those 
of pasteurized milk cheese. In five trials the values for raw milk cheese 
increased up to 90 days and then decreased, although in most instances the 
decrease was small, while in the remaining trial the value increased during 
the entire ripening, with only a small increase from 90 to 200 days. With 
pasteurized milk cheese the values regularly increased as the ripening 
progressed. In general, the flavors of all the cheese were considered 
satisfactory after 200 days, regardless of whether raw or pasteurized milk 
was employed. Raw milk cheese regularly had considerable of the "sharp" 
flavor typical of aged cheddar cheese, whereas pasteurized milk cheese 
developed comparatively little of the "sharp" flavor and usually lacked 
flavor. 
DISTILLATION OF FLAVORING MATERIALS FROM CHEDDAR CHEESE 
Attempts were made to obtain flavoring materials from cheddar 
cheese by distillation with steam. Twenty samples, 14 from raw milk and 
6 from pasteurized milk, were used. They included cheese of various ages 
made in Iowa, New York, Washington and Wisconsin. With each sample 
400 gm. of finely divided cheese was acidified with 50 ml. lN. sulfuric acid 
in a flask, and the mixture distilled with steam until 1 liter of distillate was 
obtained. This was practically saturated with sodium chloride, about 100 
ml. of ethyl ether added, and the mixture shaken occasionally during 
about 24 hours. The ether layer was removed with a separatory funnel 
and anhydrous sodium sulfate added. After shaking occasionally during 
48 hours the ether was filtered and allowed to evaporate slowly from a 
narrow-neck flask at room temperature; the flask was then stoppered. 
A small amount (usually a few drops) of a brown, oily liquid was left 
in each flask. The residues varied considerably in aroma but all were 
described as cheesy, even by persons unfamiliar with the source. The 
aromas suggested some of the higher volatile fatty acids, although certain 
of the residues apparently contained other aroma materials. Larger 
amounts of residue were obtained from raw milk cheese than from 
pasteurized milk cheese, and the aromas of the former were the more 
suggestive of aged cheese. 
To verify the presence of acids in the residues, neutral ethyl alcohol 
was added to several, the mixtures boiled, and then titrated with O.lN. 
sodium hydroxide, using phenolphthalein. One residue required 16.2 ml. 
of the alkali to neutralize it while others required from 3.8 to 9.6 ml. Al-
though these values are relatively small, not all the volatile acid was 
distilled from the cheese and there undoubtedly was a loss during the 
recovery with ether. Very little of the higher volatile fatty acids would 
be required to influence the flavor of a product like cheese. 
DISTILLATION OF FLAVORING MATERIALS FROM CHEDDAR CHEESE FAT 
Attempts were made to distill flavoring materials from cheddar cheese 
fat. About 150 gm. of fat was pressed from each of three well-aged cheese, 
and each lot was distilled with steam until 500 ml. of distillate was col-
lected. The distillates had cheesy aromas. The residue recovered by ex-
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tracting a distillate with ether was similar to those obtained previously 
from cheese. The aroma definitely suggested cheese and higher volatile 
fatty acids appeared to be involved. 
DISTRIBUTION OF FATI'Y ACIDS IN BUTI'ER FAT AND IN SODIUM CHLORIDE 
SOLUTION 
Since fat of cheddar cheese appeared to contain small amounts of 
higher volatile fatty acids, the solubility of fatty acids in fat was studied. 
About 0.2 ml. of a fatty acid was added to a mixture of 20 ml. of melted 
fresh butterfat and 20 ml. of 4 per cent sodium chloride solution in a flask, 
salt solution being used rather than water to make conditions more com-
parable to cheese. The mixture was shaken until the fat solidified and then 
held (well stoppered) 7 days at about 7.2°C. The fat was melted on a 
water bath, the fat and salt solution separated, each filtered through paper, 
and then 10 ml. of each was titrated with O.lN. alkali; for the fat the usual 
procedure (1) was followed. Table 3 gives the amounts and percentages 
of acids retained in the fat and in the salt solution with each of 8 fatty acids. 
The data show that, as would be expected, the solubility of fatty acids 
in butter fat increased as the molecular weights of the acids increased, 
whereas in the salt solution the reverse was true. In additional trials the 
fatty acids were mixed with the fat before adding salt solution, or mixed 
with salt solution before adding fat; the data obtained were similar to 
those given in table 3. In general, it appears that higher volatile fatty 
acids would be largely in the cheese fat rather than in the serum. 
DISCUSSION 
The cheesy flavor in the fat of aged cheddar cheese suggests that a 
change in this constituent may be important from the standpoint of flavor 
development in the cheese, and the relatively high acid number of the fat 
and the increase in the acid number during ripening indicate the im-
portance of acid in this connection. Although acids produced from the 
TABLE 3. Distribution of fatty acids in butter fat and in 4 per cent sodium chloride 
solution 
About 0.2 ml. of a fatty acid was added to 20 ml. melted butter fat and 20 ml. 4 per 
cent NaCl solution. The mixture was shaken and held 7 days at 7.2°C. The fat and 
NaCl solution were separated, filtered and 10 ml. of each titrated. 
Ml. O.lN. alkali required to neut. Percentage acid retained in 
Fatty acid added 10 ml. fat 10 ml.NaCl sol. Fat NaCl sol. 
Acetic i.o• 26.6* 2 98 
Propionic 2.5* 11.9* 14 86 
Butyric 5.4* 7.0* 41 59 
Caproic 9.8* 0.9* 91 9 
Caprylic 9.1* 0.1• 99 1 
Capric 6.2* 0.05* > 99 < 1 
Laurie 5.6* 0.05* > 99 < 1 
Myristic 2.0• 0.05* >99 < 1 
Control 0.5 0.05 ... . . .. 
• Control subtracted from these values before calculating percentages. 
• 
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non-fatty constituents of cheese might be dissolved by the fat, most of 
such acids apparently have a relatively low solubility in fat, and a more 
logical source of the acids present in the fat appears to be fat hydrolysis; 
this could yield various fatty acids that are readily soluble in fat. Un-
doubtedly, the volatile acids from fat have more effect on the flavor of 
cheese than the non-volatile. Because of its conspicuous odor, butyric 
acid would be expected to be prominent among the products of fat 
hydrolysis. This was not the case on the basis of the odor of cheese fat or 
of material distilled from cheese, but there remains the possibility of 
butyric acid being rapidly changed to other compunds through the action 
of organisms. 
Hydrolysis of fat in cheddar cheese could be brought about by micro-
organisms or milk lipase. Although lipolytic organisms are not numerous 
in plates poured with cheese in the usual way, some factor involved in 
their growth may prevent development on plates. Since lipase is regularly 
present in milk its action would be expected, unless prevented by acid, 
salt, pasteurization of the milk, etc. 
The relatively rapid increase in the acid number of fat in raw milk 
cheese during ripening, compared with that of fat in pasteurized milk 
cheese, may explain the differences in ripening qualities of the two types. 
CONCLUSIONS 
1. In aged cheddar cheese considerable flavor suggestive of ripened 
cheese was contained in the fat. 
2. The acid numbers of fats from aged cheddar cheese were higher 
than those of fats from normal, sweet cream butter and approached those 
of fats from butter that was definitely rancid. They were low compared to 
values on fats from blue (roquefort type) cheese. 
3. Acid numbers of fats from fresh (2 days) cheddar cheese were 
relatively high compared to those of fats from sweet cream butter and 
increased with ripening. The values for raw milk cheese were higher 
when the cheese was fresh and increased more rapidly than those for 
pasteurized milk cheese. 
4. Volatile acidities of raw milk cheddar cheese were regularly 
higher than those of pasteurized milk cheese during the 200 days of ripen-
ing; the values for the former usually decreased slightly after 90 days 
while those for the latter continued to increase. 
5. In general, the flavors of cheddar cheese from both raw and 
pasteurized milk were satisfactory after 200 days ripening. Raw milk 
cheese had considerable typical flavor, whereas pasteurized milk cheese 
usually was somewhat lacking in flavor. 
6. When samples of aged cheddar cheese were distilled with steam 
and the distillates extracted with ether, oily residues were obtained which 
had "cheesy" aromas. The aromas suggested some of the higher volatile 
fatty acids, although certain of the residues apparently contained other 
aroma materials. Larger amounts of residue were obtained from raw 
milk cheese than from pasteurized milk cheese and the odors of the former 
were the more suggestive of aged cheese. Comparable residues were 
obtained from fat of aged cheddar cheese. 
7. The solubility of fatty acids in butter fat, as would be expected, 
increased as the molecular weights of the acids increased, whereas in 4 per 
cent sodium chloride solution the reverse was true. 
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PRESSURE-AERATION EFFECTS ON THE DISSIMILATION OF 
GLUCOSE BY AEROBACTER INDOLOGENES 
M. N. MICKELSON AND C.H. WERKMAN 
From Bacteriology Section, Industrial Science Research Institute, Iowa State College 
Received January 7, 1939 
The work of Brewer et al. (1938) has shown the marked effect of 
pressure on fermentation processes occurring in butter cultures. Aeration 
under pressures of 15 to 60 pounds per square inch induced a marked 
increase in the formation of diacetyl. In the following work the dis-
sirnilation of glucose by organisms of the genus Aerobacter has been 
studied under pressure to determine whether atmospheric oxygen under 
pressure may compete with hydrogen acceptors formed by the dissimila-
tion and thus materially alter the normal course of fermentation especially 
with respect to the formation and reduction of acetylmethylcarbinol. The 
experimental work was conducted with the same equipment used by 
Brewer et al. 
EXPERIMENTAL 
Experiments were conducted at 30° C. in 500 ml. Erlenmeyer flasks 
provided with inlet and outlet tubes and containing 300 ml. of the follow-
ing medium: 2.0 per cent glucose, 0.3 per cent (NH4) 2804 and 0.1 M 
diphosphate buffe;r. Since initiation of growth is slow under pressure the 
inoculum for each flask consisted of about 4 grams of cell paste obtained 
by centrifuging a 24-hour broth culture of A. indologenes (23B). One 
fl.ask had 0.5 per cent acetic acid added to the glucose medium to permit 
observation of the effect of pressure-aeration on the conversion of acetic 
acid to neutral compounds (Reynolds and W erkman, 1937; Mickelson 
and Werkman, 1938). Air carried into the medium was washed free of 
carbon dioxide by passing through soda-lime towers. Gases were collected 
in a train placed outside the pressure tanks. 
Hydrogen was determined gravimetrically by combustion over 
heated copper oxide. Carbon dioxide was collected in Bowen potash 
bulbs in a suitable drying train. Residual carbon dioxide was determined 
gravimetrically by acidifying to congro red and refluxing an aliquot part 
of the liquor in a stream of carbon dioxide-free air. 
Acetylmethylcarbinol was determined by the iodoform method as 
applied by Langlykke and Peterson (1937). However, it was found that 
acetylmethylcarbinol was quantitatively recovered in six volumes by 
steam distillation. The reaction was carried out in an ice bath to avoid 
interference by ethyl alcohol which is present in the actylrnethylcarbinol 
distillate. 
2,3-Butylene glycol was determined according to Brockmann and 
Werkman (1933). 
Ethyl alcohol was determined according to Stahly, Osburn and 
Werkman (1934) on the neutral volatile fraction. An aliquot part of 
the fermentation was made acid to congo red to prevent foaming and 
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TABLE 1. Effect of aeration on the fermentation of glucose by Aerobacter indologenes 
Medium: 2.0 per cent glucose, 0.3 per cent (NH,).SO,, 0.1 M Phosphate buffer. Incubation: 30° C. for 1 week. Products per 100 mM 
glucose fermented. 
Acetyl-
methyl-
In- carbinol Per cent 
Acetic crease + C as Acetyl- 2,3-Bu- acid 2,3-bu- 2,3-bu- acetyl- Carbon 
Condition of Acetic Formic Lactic methyl- tylene Ethyl fer- tylene tylene methyl- re-
aeration co, H, acid acid acid carbinol glycol alcohol mented glycol glycol carbinol covery 
---
A-anaerobic 
control 164.00 41.50 0.66 16.40 4.30 1.15 64.50 58.20 65.65 1.62 95.5 
B-atmos. 
pressure 212.20 49.90 33.40 2.54 0 6.70 60.00 17.30 66.70 4.45 97. 
C-45 lbs. 
per sq. in. 202.40 16.60 15.00 0.87 6.12 11.00 57.70 22.00 68.70 7.37 95. 
D*-45 lbs. 
per sq. in. 207.00 0 81.40 2.54 0 15.60 66-00 9.62 31.20 15.30 81.60 9.42 92.2 
• 88.2 mM acetic acid added per liter. 
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sugar breakdown and directly distilled to one-half volume. The dis-
tillate was then made alkaline to phenolphthalein and distilled again to 
one-half volume. The alcohol was determined on this distillate. A cor-
rection was applied for the acetylmethylcarbinol present in the sample. 
The two residues of the above procedure were combined, acidified to 
congo red, and ·steam distilled to remove volatile acids. When acetyl-
methylcarbinol was present, the distillate was made alkaline to phenol-
phthalein, evaporated to a small volume, and steam distilled from the 
alkaline solution until six volumes were collected. This procedure re-
moves acetylmethylcarbinol which interferes with the determination of 
formic acid. The residue was then acidified and redistilled. Formic acid 
was determined according to Auerbach and Zeglin (1922) and subtracted 
from the total acidity to obtain the acetic acid. 
DISCUSSION 
The results in table 1 indicate that aeration increases the yields of 
carbon dioxide and acetylmethylcarbinol but decreases the ethyl alcohol. 
The acetylmethylcarbinol plus butylene glycol is not affected by simple 
aeration or aeration under pressure for accompanying the increase in 
acetylmethylcarbinol there is a decrease in 2,3-butylene glycol. Acetic 
acid, which is reduced by A. indologenes (Reynolds, Jacobsson and Werk-
man, 1936) accompanied by an increase in four-carbon neutral com-
pounds, undergoes similar reduction when the dissimilations are aerated 
under pressure. Apparently atmospheric oxygen under pressure is unable 
to compete with acetic acid as a hydrogen acceptor in this case and thus 
prevent its reduction to 2,3-butylene glycol. 
Although the yield of gaseous hydrogen is considerable at atmospheric 
pressure a marked diminution occurs under pressure-aeration; the yield 
of ethyl alcohol is also reduced in the pressure-aerated fermentations. 
The carbon which ordinarily would be found as ethyl alcohol is recovered 
as carbon dioxide and acetic acid. 
The variation of hydrogen and alcohol is of interest. Since the alcohol 
is formed by reduction, a decrease must be accompanied by an increase in 
some other reduced product or hydrogen. At atmospheric pressure 
(dissimilation B) the decrease in alcohol is accompanied by a considerable 
yield of gaseous hydrogen. Under the conditions the reduction of acetalde-
hyde to ethyl alcohol was prevented and yet the hydrogen thus not used, 
was not oxidized to water. When aerated under a pressure of three atmos-
pheres (fermentation C) some of this excess hydrogen is oxidized and in 
fermentation D where acetic acid was added the yield of hydrogen is 
completely suppressed. 
Kluyver and Donker (1925) showed that yeast and lactic acid 
bacteria form acetylmethylcarbinol from glucose when methylene blue 
or sulphur is added as a hydrogen acceptor. Presumably, the hydrogen 
acceptor prevents the reduction by yeast of intermediate acetaldehyde, 
which then condenses to form the carbinol. Oxygen in our aerated fer-
mentations did not produce such an effect. On the contrary the decrease 
in ethyl alcohol is accompanied by increases in carbon dioxide and acetic 
acid. It is strange that products such as acetylmethylcarbinol and 2,3-
butylene glycol, whose formation requires a reduction, should be formed 
in such constant yields in spite of a rather high oxygen tension. The 
results reported here have been repeatedly verified. 
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The increase in acetylrnethylcarbinol in the aeration experiments 
occurs at the expense of 2,3-butylene glycol. Whether this is due to an 
inhibition of the reduction of acetylrnethylcarbinol or to an oxidation of 
the glycol is not known. Walpole (1911) has shown that the formation of 
acetylmethylcarbinol from glucose by A. aerogenes is stimulated by the 
presence of oxygen and that similar conditions cause an oxidation of 
2,3-butylene glycol to acetylmethylcarbinol. Werkman (1930) found 
2,3-butylene glycol, when used as a sole source of carbon by species of 
Aerobacter, to be converted to acetylmethylcarbinol. 
The fact that the reduction in yield of alcohol is not accompanied by 
an increase in acetylrnethylcarbinol may be evidence against the aldehyde 
condensation conception of formation of acetylmethylcarbinol. There is 
no convincing evidence that Aerobacter forms this compound by a con-
densation of acetaldehyde. 
CONCLUSIONS 
Aeration and especially aeration under pressure causes increases in 
acetylrnethylcarbinol but the yield of acetylmethylcarbinol plus 2,3-buty-
lene glycol is equal to that of an anaerobic fermentation. 
The yield of ethyl alcohol is diminished with a corresponding increase 
in carbon dioxide and acetic acid. 
Added acetic acid is reduced in spite of the increased oxygen pressure. 
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DECOMPOSITION AND GAS PRODUCTION OF CORNSTALKS 
UNDER ANAEROBIC CONDITIONS AT 28° TO 30° C. 
G. H. NELSON, ROBERT P. STRAKA, AND MAX LEVINE 
From the Agricultural By-Products Laboratory' 
Received January 20, 1939 
Enormous quantities of cornstalks, cereal straws, and other fibrous 
wastes are produced annually. Fermentation of these raw materials has 
been suggested as a possible preliminary treatment in the preparation of 
pulp. Utilizable gases, such as methane and carbon dioxide, can be pro-
duced also as by-products. The following investigation is concerned with 
the effect of preliminary fermentation on the constituents of cornstalks. 
Acharya (1), employing soil infusion as inoculum; determined the 
rate of decomposition of the various plant constituents and studied some 
of the products formed when rice straw was fermented in glass jars or 
other tightly sealed containers from which air had been almost completely 
exhausted. He reported 30° to 35° C. and pH 7.5 to 7.8 as optimum condi-
tions. Hemicelluloses and cellulose were readily decomposed but lignin 
was more resistant. The rates of decomposition were rather slow, the 
usual fermentation period being six months. 
Tenney and Waksman (12), using garden soil extract as an inoculum, 
studied the decomposition of several materials, including cornstalks. 
Glazed jars were used and anaerobic conditions were obtained by cover-
ing the fermenting materials with water. Over relatively long periods of 
time (about 500 days), the pentosans (hemicelluloses) and cellulose were 
attacked to a considerable extent but lignin was more resistant. 
Buswell and Boruff (3, 4, 5) studied the production of methane and 
carbon dioxide from several waste materials including cornstalks. They 
used the overflow liquor from a sewage disposal plant as an inoculum and 
developed a tank for this type of anaerobic fermentation. Wastes were fed 
into the tank daily and the residues remaining after fermentation were 
analyzed. The gas produced was measured and analyzed. They suggested 
that the residues might be used in the manufacture of pulp or paper. All 
the principal constituents of the stalks were broken down by this fermen-
tation, cellulose showing the highest percentage loss. 
In the work just discussed, either the rates of decomposition were 
studied over long periods, as exemplified by Acharya's and Waksman's 
reports, or only the final products of break-down at the termination of 
the experiments were ascertained, as shown in Buswell's studies. The 
long fermentation periods employed would not be feasible for production 
of residues for pulping because of the excessive break-down of cellulose 
and the high initial cost of the necessary equipment. 
Information concerning the rate of gas production and break-down of 
·cornstalks over short periods of fermentation is meager. To obtain such 
information, which is necessary in the development of a fermentation-
pulping procedure, a series of anaerobic studies on cornstalks was made. 
1 This laboratory established at Ames, Iowa, by the Bureau of Chemistry and Soils, 
United States Department of Agriculture, in cooperation with the Iowa State College. 
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EXPERIMENTAL 
The test materials were chopped cornstalks and cornstalk flour. The 
chopped cornstalks were prepared by means of a silage shredder and 
hand-picked pieces one-fourth to one inch in length (including leaves, 
pith, nodes, and outer shell) were selected. The cornstalk flour was pre-
pared by wet-grinding the stalks in a rod mill and drying. Most of this 
flour passed a 200-mesh sieve. 
The seed or inoculum was prepared from sewage sludge as previously 
described by the authors (7) and passed through a screen (circular open-
ing 1 mm. in diameter) and all solids remaining on the screen were dis-
carded. The ammonia-nitrogen content was determined and di-am-
monium phosphate and ammonium carbonate were added to give a con-
centration of 500 to 800 p .p .m. of ammonia nitrogen. 
The desired quantities of seed and test material were placed in two-
quart mason jars fitted with three-hole rubber stoppers. A glass tube 
(12 mm.) was inserted through one of the holes in the stopper and ex-
tended to a point near the bottom of the jar. This tube was used for the 
removal of samples for pH determinations. A similar tube was used for 
the addition of chemicals when necessary. A 7-mm. glass tube, which was 
inserted into the other hole of the stopper to a point just beneath its bottom 
surface, served as an outlet for the gas produced. This gas tube was con-
nected to a water seal in order to maintain anaerobic conditions. The gas 
volume was measured as previously described (7). 
The fermentation mixture was prepared by placing 1000 cc. of seed 
into a mason jar and adding 25 grams of cornstalk material and 500 cc. of 
tap water. The stopper was then tightly inserted and secured by a mason 
jar screw cap (center portion cut out). The gas evolution tube was con-
nected to a water seal and the mixture incubated at 28° to 30° C. Samples 
thus prepared were fermented for periods of 3, 5, 10, 20, and 30 days. 
A daily record was made of the gas produced and the pH was fre-
quently checked. The gas was analyzed for carbon dioxide, hydrogen, and 
methane by means of a modified Orsat apparatus (6). 
At the end of the specified period the sample was removed and the 
total volume measured. A 200 cc. portion was removed for "sanitary" 
analysis, and the remainder evaporated to a dry state on a steam hot plate. 
The dried residue was ground to pass a 30-mesh screen and analyzed. 
The "sanitary" analysis of the 200 cc. portion consisted of the follow-
ing determinations: total solids, "volatile solids" (loss on ignition), ash, 
specific gravity, ammonia nitrogen. and Kjeldahl nitrogen according to 
the methods outlined in "Standard Methods for the Examination of Water 
and Sewage" (10). 
The dried residue was analyzed for moisture, total solids, volatile 
solids. and ash; the pentosans were determined by the A. 0. A. C. method 
(2); the cellulose by the Norman and Jenkins' method (8); and lignin 
(on unextracted material) by the Peterson, Walde, and Hixon modifica-
tion of Bray's method (9). 
The study may conveniently be divided into the following three 
phases: 
1. Anaerobic decomposition of chopped and of ground cornstalks 
submerged in an active methane-produ cing seed. 
DECOMPOSITION AND GAS PRODUCTION OF CORNSTALKS 163 
2. The effect of screening and washing on the residues from anaerobic 
fermentation of chopped cornstalks. 
3. Anaerobic decomposition of chopped and of ground cornstalks 
submerged in water. 
RESULTS AND DISCUSSION 
1. Anaerobic decomposition of chopped and of ground cornstalks sub-
merged in an active methane-producing seed. 
The cumulative amounts of gas produced from the cornstalk flour • 
and the chopped cornstalk series are shown in Table I and in Figure 1. 
Gas was produced more rapidly from the cornstalk flour than from the 
chopped stalks; the respective amounts, per gram of volatile solids added, 
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Figure 1. Gas Production from Cornstalks Submerged in an Active Methane Produc-
ing Seed at 28° -30° C. 
were 115 and 41 cc. after 3 days, 213 and 7 4 cc. after 5 days, 37 4 and 188 cc. 
after 10 days, 507 and 316 cc. after 20 days, and 565 and 395 cc. after 30 days 
of fermentation. The average composition of the gas produced from the 
cornstalk flour was carbon dioxide 33. 7 per cent, hydrogen 5.6 per cent, 
methane 58.9 per cent, and that from the chopped cornstalks, carbon di-
oxide 35.2 per cent, hydrogen 7.1 per cent, and methane 54.8 per cent. 
Decomposition of the principal constituents is shown in Table II for 
the cornstalk flour and in Table III for the chopped cornstalks, and graphi-
cally in Figure 2. The percentage decomposition has been calculated on 
two different bases: (a) by attributing the loss entirely to the cornstalk 
material added and (b) by distributing the losses between the seed and 
the material added. The graphs were plotted from the latter figures be-
cause of the high lignin content of the seed and rather low lignin content 
of the stalks. Any experimental error attributed only to the stalks in 
this instance would be unduly magnified. 
Table I. Gas Production from Cornstalks' at 28° -30° C. 
Fermentation 
I I 5 I 12 I Period in Days 1 2 3 4 6 7 8 9 10 11 13 
Cornstalk Flour• 
-
cc. of Gas* per 
Gram Vol. 
Solids Added 8.0 20.3 114.5 161.5 213 260 294 322 348 374 407 443 452 
pH ......... 7.7 7.4 7.2 7.1 7.2 7.2 - 7.2 - 7.2 - - 7.2 
Chopped Cornstalks3 
cc. of Gas* per 
Gram Vol. 
Solids Added 11.8 19.7 41.3 55.0 74.4 96.5 122 146 172 188 214 235 252 
pH ......... 7.6 7.5 7.5 7.5 7.5 7.5 - 7.6 - 7.5 - - 7.5 
Seed Control 
Total Gas 
in cc . ... . . .. 90 90 90 90 90 90 90 90 135 180 180 180 180 
pH ......... 7.9 7.7 7.7 7.7 7.8 7.8 - 7.7 - 7.7 - - 7.7 
'Corrected to 760 mm. pressure and 60° F. 
•Cornstalk flour mixture-average gas composition-CO, 33.7%, H2 5.6%, CH. 58.9%. 
'Chopped cornstalk mixture-average gas composition-CO. 35.2% , H, 7.1 % , CH. 54.8%. 
* Cumulative. 
I 15 
467 
-
272 
-
225 
-
I 17 I 20 I 22 24 28 30 
484 507 524 540 560 565 
7.3 7.4 - 7.5 - 7.4 
286 316 338 357 387 395 
7.5 7.5 - 7.6 - 7.6 
270 315 360 445 445 490 
7.9 7.7 - 7.7 - 7.7 
Table II. Decomposition of and Gas Production from Cornstalk Flour at 28° -30° C. 
M.11terials Added After Incubating 
As 
I As Cornstalk Three Five Ten Twenty Thirty Seed Flour Total Days Days Days Days Days 
Constituents* Total solids I 31.49 23.66 55.15 51.87 48.88 44.50 41.74 39.93 
Present Volatile solids 21.26 I 22.42 43.68 40.70 37.19 33.29 30.40 I 28.86 
in Pentosans 3.26 I 7.66 10.92 9.00 6.29 5.95 5.07 4.56 
Grams Crude cellulose (ash free) 5.69 I 11.30 16.99 16.43 lo.40 7.71 6.45 5.66 
-1-Pentosans in the cellulose 1.41 I 3.37 I 4.78 4.96 I 3.25 I 2.36 1.71 1.21 
Cellulose (corrected) 
I 
4.28 I 7.93 I 12.21 11.47 I 7.15 I 5.35 4.98 4.45 
Lignin 9.89 I 4.53 14.42 14.34 I 14.20 I 14.24 I 14.01 I 13.49 
Percentage Total solids 
*-i I 13.85 I 26.45 I 44.98 i 56.60 I 64.30 Decomposition 
I 
13.37 25.90 43.35 51.35 I 55.60 
of Volatile solids a* 13.29 28.97 46.26 59.29 I 66.05 
Constituents (30 12.57 23.50 I 45.20 54.60 59.90 
Pentosans lfo-1 25.00 60-40 64.90 76.25 83.00 I 23.20 57 .55 58.95 71.95 78.80 
Crude cellulose (ash free) I ;: I I 4.86 58.20 82.05 91.00 I 100.00 I 
I I 4.61 57.60 I 80.80 90.90 I 97.20 
Pentosans in the cellulose a* I + 5.34 45.45 71.75 91.00 106.00 ~ 
I I 104.00 (30 +4.74 45.45 70.55 89.50 
Cellulose (corrected) a* I 9.34 63.85 8G.50 91.00 97.80 ~ 
(30 8.57 62.90 85.20 88.60 94.45 
Lignin a* I 1.76 4.85 3.97 9.06 20.53 
~ + 2.20 + 1.54 + 7.94 +3.09 8.15 
Gas I Total 2565 4775 8385 11380 12655 
Produced Per gram cornstalk flour I 
I I in cc. added I 103 191 335 455 506 
760 mm. p., grnm vol. wlid' in~ 
I I and 60 ° F. flour added 115 213 374 507 563 
Per gram vol. solids lost I a* 850 737 I 808 I 857 I 853 
f3o I I 910 I 903 I 826 I 927 I 940 I I 
a* On assumpt10n that total loss may be attributed to cornstalk flour added. 
(30 On assumption that loss was distributed between seed and flour added and that decomposition of seed in mixture was the same 
as in seed control. (See t able VI.) 
Initial volume 1500 cc. Initial Organic N, 508 p.p.m. . Vol. solids in flour 
Initial NHa content 782 p .p.m. Initial reaction = pH 7.8 Ratw Vol. solids in seed = L05B 
+ (plus)-indicates an increase-due to sampling difficulties and in the case of lignin probably due to formation of nitrogen 
complexes. 
* Kjeldahl nitrogen determinations were run on all of the samples, but since no extensive accumulation or decrease of nitrogen 
w2s noted, these value were not included in this table. 
Table III. Decomposition of and Gas Production from Chopped Cornstalks at 28° -30° C. 
I Materials Added 11 After Incubating 
As 
As Chopped Three Five Ten Twenty Thirty 
Seed Cornstalks Total Days Days Days Days Days 
Constituents* Total solids 31.49 24.15 55.64 51.35 49.60 46.50 43.80 41.60 
Present Volatile solids 21.26 22.35 43.61 40.80 38.42 35.95 33.15 30.88 
---in Pentosans 3.26 6.50 9.76 9.41 8.62 7.49 6.51 5.64 
Grams Crude cellulose (ash free) 5.69 11.37 17.06 II 15.04 13.11 12.63 11.52 10.71 
Pentosans in the cellulose 1.41 2.94 4.35 II 2.96 3.35 3.11 2.01 2.10 
Cellulose (corrected) II 4.28 8.43 12.71 I 12.08 9.76 9.52 9.51 8.61 
Lignin II 9.89 I 4.49 I 14.38 II 13.97 13.61 13.20 12.84 12.85 
Percentage I Total solids ~I II 17.'15 24.90 37.85 49.05 58.15 
Decomposition {30 16.95 I 24.42 36.18 43.05 49.55 
of Volatile solids a* I I 12.58 23.22 34.35 46.80 56.95 
Constituents {30 11.88 22.32 33.21 42.25 50.90 
Pentosans a* 
~ I I 5.38 17.55 34.90 50.00 63.35 
{30 I 3.23 14.30 29.55 44.70 58.45 
Crude cellulose (ash free) a* II II 19.15 34.75 39.00 48.70 55.90 Pn1 I . I I 17.42 34.04 37.70 46.80 53.00 
Pentosans in the cellulose a* II I 
Ii 
47.20 34.00 42.60 79.45 76.55 
{30 I 47.20 34.00 41.75 77.20 74.50 
Cellulose (corrected) a* I 7.47 35.00 37.82 37.90 48.60 
{30 I 6.76 34.05 36.62 35.70 45.45 
- --Lignin a* I 9.13 17.14 26.20 34.25 34.08 
{30 I 5.12 10.91 14.25 22.05 21.60 
Gas Total 965 I 1745 I 4385 7385 9230 
Produced Per grams chopped corn-
in cc. stalks added 40.0 72.2 181.3 305.5 382 
760 mm. Per gram vol. solids in 
and 60° F. stalks added 43.2 78.1 196.0 330.0 414 
Per gram vol. solids lost a* 344 336 572 705 725 
{30 II 364 350 590 782 812 
a* On assumpt10n that total loss may be attributed to chopped stalks added. 
{30 On assumption that loss was distributed between seed and chopped stalks added and that decomposition of seed in mixture was 
the same as in seed control. (See table VI.) 
Initial volume 1500 cc. Initial Organic N, 409 p .p.m. . Vol. solids in stalks 
Initial NH. content 828 p.p.m. Initial reaction =pH 7.8 Ratio Vol. solids in seed = l.053 
* Kjeldahl nitrogen determinations were run on all of the samples, but since no extensive accumulation or decrease of nitrogen was 
noted, these values were not included in this table. 
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The cellulose in the cornstalk fl.our was decomposed more rapidly 
than that in the chopped stalks. Respective amounts of cellulose decom-
position in the fl.our and chopped stalks were 9 and 7 per cent in 3 days, 
63 and 43 per cent in 5 days, 85 and 37 per cent in 10 days, 89 and 36 per 
cent in 20 days, and 94 and 45 per cent in 30 days . 
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Figure 2. Break-down of Cornstalk F lour and Chopped Cornstalks Submerged in an 
Active Methane Producing Seed at 28° -30° C. 
In Figure 3 the decomposition of cellulose and of the pentosans as-
sociated with the cellulose is shown. In the cornstalk fl.our the decomposi-
tion of the pentosans associated with the cellulose lagged behind that of 
the cellulose for the first 10 days of fermentation, but, thereafter, the re-
maining cellulose was resistant to decomposition, whereas the pentosans 
associated with cellulose continued to be decomposed. In the case of the 
chopped cornstalks the pentosans associated with the cellulose were de-
composed more rapidly than the cellulose itself, especially in the later 
stages of fermentation. 
The break-down of the pentosans in the cornstalk fl.our and in the 
chopped stalks is shown in Tables II and III and in Figure 2. The pento-
sans in the cornstalk fl.our were fermented more rapidly than those in the 
chopped stalks, the respective amounts of decomposition being 23 and 3 
per cent in 3 days, 58 and 14 per cent in 5 days, 59 and 30 per cent in 10 
days, 72 and 45 per cent in 20 days, and 79 and 59 per cent in 30 days. In 
the cornstalk fl.our series, with the exception of the first 3 days, there was 
a greater percentage loss of cellulose than of pentosans throughout the 
30-day fermentation period. In the chopped cornstalk series however the 
percentage loss of cellulose was greater than that of the pentosans during 
the first 14 days, after which time the pentosan loss was greater. However, 
the total break-down of both cellulose and pentosans was much less in the 
chopped cornstalks than in the cornstalk fl.our. 
The decomposition of lignin is also shown in Tables II and III and 
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Figure 2. In the cornstalk flour series there was no decomposition of the 
lignin during the first 22 days, after which time there was a gradual loss 
which totaled 8 per cent by the thirtieth day. In the chopped stalk series, 
however, lignin decomposed during the entire period of fermentation and 
showed a total loss of 22 per cent by the thirtieth day. This break-down 
of lignin is in contrast to the break-down of the pentosans and cellulose, 
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Figure 3. Decomposition of Cellulose and Pentosans Associated with Cellulose in 
Cornstalks submerged in an Active Methane Producing Seed at 28° -30° C. 
which disappeared more rapidly in the cornstalk flour. The reason for this 
behavior has not been ascertained. 
Boruff and Buswell (5) have calculated the theoretical gas yields 
obtainable from various plant constituents and were able to confirm the 
results experimentally. Using their theoretical values, a series of calcula-
tions, based on the loss of pentosans and cellulose (Tables II and Ill), was 
made and is presented in Table IV. In the cornstalk flour series, the ratio 
of gas produced to the theoretical value calculated from the pentosans 
and cellulose lost was 1.09: 1.0 for the 3-day fermentation period, 0.59: 1.0 
for the 5-day, 0.85: 1.0 for the 10-day, 1.05: 1.0 for the 20-day, and 1.07: 1.0 
for the 30-day fermentation period. 
Although the loss of pentosans and cellulose is great enough to ac-
count for most of the gas produced during the 3-day period, the high re-
covery may be due to gas production from constituents other than pento-
sans and cellulose and that gas production from the two latter lags behind 
initial breakdown owing to the production of intermediates. 
In the 5-day period the quantities of cellulose and pentosans broken 
down were far in excess of those accounted for by the gas produced. This 
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indicates that these two constituents decomposed faster than they were 
converted into gas. In the 10-day period their conversion to gas still 
lagged behind, but to a lesser degree. 
In the 20-, and 30-day periods all the pentosans and cellulose broken 
down were gasified, thus accounting for practically all of the gas produced. 
The small amount of additional gas is attributed to the decomposition of 
volatile matter other than cellulose and pentosans. 
In view of these data it is doubtful whether the volume of gas pro-
duced should be used as a direct measure of the break-down of cellulose 
and pentoans, except possibly at the beginning and completion of the 
fermentation. 
In the chopped cornstalk series the ratio of gas produced to the 
theoretical value calculated from the pentosans and cellulose lost was 
1.17: 1.0 for the 3-day fermentation period, 0.51: 1.0 for the 5-day, 0.96: 1.0 
for the 10-day, 1.34: 1.0 for the 20- and 30-day fermentation periods. 
Assuming that all the pentosans and cellulose which disappeared 
were converted into gas, such gasification would account for 83 per cent 
of the gas produced during the first three days of digestion, the remaining 
17 per cent being attributed to other decomposable materials. After 
the 5-day period, however, the volume of gas produced is not adequate to 
account for the decrease in pentosan and cellulose content. This indicates 
that these two constituents were decomposed faster than they were being 
converted into gas. In the 10-day period the gas produced accounted for 
all but 4 per cent of the cellulose and pentosans decomposed. In the 20-
and 30-day periods the pentosans and cellulose decomposed accounted for 
only 66 per cent of the gas produced. Volatile matter other than cellulose 
and pentosans produced the remaining 34 per cent. 
It is noted (Table IV) that in the cornstalk flour series greater 
amounts of pentosans and cellulose were decomposed than in the chopped 
cornstalk series. This is attributed to difference in particle size, as pointed 
out in a previous article (7) . 
It will also be noted (Table IV) that most of the gas produced in the 
cornstalk flour series is accounted for by the pentosan and cellulose 
decomposition whereas the amount of gas produced in the chopped corn-
stalk series is greater than that resulting from such decomposition. The 
reason for this behavior is not known. It is suggested that the difference 
in the size of the particles may affect not only the rate but also the nature 
of the decomposition. 
The results of the decomposition in the seed controls are presented 
in Table VI. Very little gas was produced and the decomposition of the 
various constituents was very slow. 
Although no actual experimental work was done, the fermentation of 
cornstalk flour, using an active seed, may have possibilities of being useful 
for composting. 
2. The effect of screening and washing on the 1·esidues from the anaerobic 
fermentation of chopped cornstalks. 
In this study a series of samples of chopped cornstalks was prepared 
and incubated at 28° to 30° C. at the same time and in the same manner 
as the chopped cornstalk series described in the previous section. This 
series was an exact duplicate of the previous series, the only difference 
being that in the first series the entire sample, seed and residue, was 
Table IV. A Comparison of the Total Gas Produced and of the Amounts Accounted for (by calculation) from the Cellulose and the 
Cornstalk Flour* 
Loss in Grams Gas in cc. 
Theoretical 
Yield Calcu-
lated from 
As Pentosans and 
Pento- Cellu- Meas- Cellulose 
Time sans lose ured Decomposed 
3 days 1.92 0.74 2565 2346 
5 days 4.63 5.06 4775 I 8136 I 
10 days 4.97 6.86 8385 9918 I 
20 days 5.85 7.23 11380 10815 I 
30 days 6.36 7.76 12655 11848 I 
* 25 grams of material. 
Pentosans Decomposed p 
I 
___J 
I 
Ratio Gas as I Measured : to Loss in Grams 
I 
Theoretical 
I Yield Calcu-lated from 
Pentosans and 
Cellulose Pen to- Cellu-
Decomposed sans lose 
1.093: 1.000 0.35 0.63 
0.587: 1.000 1.14 2.95 
0.845: 1.000 I 2.27 3.19 1.052~ 3.25 3.20 
1.068: 1.000 
I 
4.12 4.10 
Chopped Cornstalks* 
Gas in cc. 
Theoretical 
Yield Calcu-
lated from 
As Pentosans and 
Meas- Cellulose 
ured Decomposed 
965 821 
1745 3418 
4385 4578 
7385 5519 
9230 6905 I 
Ratio Gas as 
Measured : to 
Theoretical 
Yield Calcu-
lated from 
Pentosans and 
Cellulose 
Decomposed 
1.175: 1.000 
0.511: 1.000 
0.957: 1.000 
1.338: 1.000 
1.336: 1.000 
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evaporated to dryness and analyzed, whereas in this series the seed was 
screened off (using a 1-mm. round-hole screen) from the chopped stalks 
and the stalk material washed three times with a total of one liter of dis-
tilled water. The washed stalk matrial was then dried on a steam hot 
plate, ground to 30 mesh, and analyzed. 
The percentage losses of the various constituents in the stalk-seed 
mixture and in the washed and screened stalk material is shown in Tables 
III and V respectively, and graphically in Figure 4. It should be pointed 
out that in the mixture the losses recorded are actual biological decom-
positions, since the entire mass was analyzed, while in the screened and 
Table V. Effect of Screening and Washing the Chopped Cornstalk Residue* 
Initial I 
Chopped After Incubating 
Corn- Three I Five I Ten I Twenty Thirty 
stalks Days Days Days Days Days 
Constituents Total solids 24.15 19.84 16.80 I 14.90 I 12.47 10.54 
Present Volatile solids 22.35 19.24 16.50 I 14.s3 I 12.11 10.18 
in Pentosans 6.50 5.88 I 5.04 1 4.43 3.74 2.92 
Grams Cellulose (corrected) 8.43 7.82 6.94 1 6.30 4.39 3.68 
Lignin 4.49 4.10 I 3.75 I 3.53 1 3.19 2.92 
Percentage Total solids I 22.00 I 30.45 I 38.30 48.75 I 56.40 
Decrease Volatile solids 13.93 I 26.20 I 34.60 45.80 54.45 
in Pentosans 9.53 22.45 31.80 1 42.50 55.10 
Constituents Cellulose (corrected) 7.22 17.65 25.25 47.90 56.35 
Lignin 8.70 16.45 21.35 28.90 34.95 
* Fermented at 28° -30° C. 
washed stalk material part of the losses are not true decompositions but 
are due to the method of preparing the sample. In this study a procedure 
was followed that might be applicable in the fermentation of cornstalks 
for pulp production. 
During the first 17 days of fermentation the. cellulose loss in the 
stalk-seed mixture was greater than that in the screened and washed 
series after which time it was greater in the latter. It was expected that fine 
particles of cellulose would be liberated from the chopped cornstalks and 
accumulate in the mixture and subsequently be lost in the screened and 
washed samples. This anticipated mechanical loss did not become mani-
fest until the later stages of the digestion. 
During the first 16 days the pentosans disappeared somewhat more 
rapidly from the screened and washed samples than from the seed-mixture 
samples, after which time there was a somewhat greater loss in the latter 
samples. 
Throughout the fermentation period (30 days) the lignin losses in 
the screened and washed samples were greater than in the seed-mixture 
samples. Lignin is not as readily decomposed by micro-organisms as are 
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Table VI. Decomposition and Gas P roduction of Seed Control at 28° -30° C. 
Seed I After Incubating 
at Three Five Ten Twenty I Thirty 
Start Days• Days• Days Days• Days 
Constituents Total solids 31.49 31.40 31.35 31.09 30.25 29.43 
Present Volatile solids 21.26 21.10 21.05 21.03 20.25 I 19.90 
in Pentosans I 3.26 3.12 I 3.05 2.91 I 2.92 2.94 
Grams Cellulose 4.28 4.22 I 4.20 I 4.18 I 4.09 4.01 
Lignin 9.89 9.80 9.69 9.44 9.43 9.42 
Percentage Total solids 0.28 0.45 1.27 3.94 6.54 
Decrease Volatile solids 0.75 0.99 1.16 4.75 6.40 
in Pentosans I 4.30 6.44 10.73 10.41 9.82 
Constituents Cellulose 1.40 1.87 2.34 4.44 6.30 
Lignin I I 1.80 I 2.91 I 5.41 I 5.52 I 5.61 
Gas Pro- Total 90 90 I 180 315 360 
duced in cc. Gas per gram 
at 760 mm. volatile solids 
and 60° F. lost 563 428 750 312 265 
• The initial, 10-day and 30-day values were plotted and the values for the 3-, 5-, 
and 20-day periods determined from the graph. 
the other cornstalk constituents. In the process of fermentation of the 
cellulose and pentosans, lignin particles are probably released and ac-
cumulate in the mixture and are subsequently lost in the process of 
screening and washing the fermented stalks. This fact must be kept in 
mind in studies on the fermentation of lignin by micro-organisms to pre-
vent drawing erroneous conclusions. 
The losses of the principal constituents of the fermented cornstalks 
by screening and washing are briefly summarized as follows: 
eo INCUBATED AT 2e•-3o•c 
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Figure 4. Effect of Screening and Washing on the Chopped Cornstalk Residue after 
Fermenting with a Prepared Seed. 
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In the fermentation of the cellulose and the pentosan, lignin is prob-
ably separated from the stalks and accumulates as small particles in the 
liquid. 
Screening and washing removes this lignin thus giving a loss that is 
not entirely caused by microbial decomposition. 
During the first 16 days of fermentation the pentosans were removed 
from the stalks more rapidly than they were being decomposed into gas 
and consequently accumulated in the liquid portion of the batch. Screen-
ing and washing removed a large portion of the accumulated pentosans. 
During the remaining 14 days of fermentation the pentosans were being 
decomposed and converted into gas at about the same rate. 
During the first 16 days of fermentation the cellulose was gasified as 
rapidly as it was decomposed. During the next 14 days the cellulose was 
decomposed more rapidly than it was being gasified, thus accumulating in 
the liquid portion of the batch. Screening and washing removed a large 
portion of the accumulated cellulose, thus giving a loss that was not en-
tirely due to microbial action. 
Pulping the residue from a fermentation lasting longer than 2 weeks 
would not be feasible because of the large cellulose losses resulting from 
screening and washing. 
3. Anaerobic decomposition of chopped and of ground cornstalks sub-
merged in water. 
Some reports have appeared in the literature on the production of 
pulp from cornstalks by fermentation and by a combination of fermenta-
tion and chemical treatment, using the microbial flora present on the 
stalks. Sweeney and Arnold (11) reported the production of a "superior 
pulp" and a saving in chemicals by the use of a fermentation and chemical 
treatment. The fermentation was obtained by means of the flora present 
on the cornstalks. 
Acharya (1) showed that, by the addition of nitrogen salts to rice 
straw, the organisms originally present on the straw were capable of 
fermenting this material with the production of gas, but that the develop-
ment of acid conditions prevented extensive fermentation. 
In the present study a series of samples of cornstalk flour and chopped 
cornstalks was prepared as follows: 25-gram portions of the cornstalk ma-
terial and 1500 cc. of tap water were placed in two-quart mason jars, and 
the jars were closed, sealed, and connected to water seals as in the 
previous studies. The samples were incubated at 28° to 30° C. for 5-, 10-, 
and 30-day periods. 
Duplicate samples were prepared and used to measure, daily, the 
volumes of gas produced and also for pH determinations. These results 
are shown in Table VII. Very little gas was produced (360 cc. from the 
cornstalk flour and 175 cc. from the chopped stalks after 30 days of incuba-
tion). The initial pH, 6.2 to 6.3 in both series, decreased during the fer-
mentation period, reaching pH 4.6 after 30 days. 
The decomposition of the various constituents is shown in Table VIII 
for the cornstalk flour and in Table IX for the chopped cornstalks, and 
graphically in Figure 5. The amount of break-down of the various con-
stituents was rather small in both the flour and stalks. 
The amount of decomposition of cellulose was much higher in the 
Table VII. Gas Production from Cornstalks Submerged in Water* at 28° -30° C. 
Fermentation 
I I I I I I I I I I I I Period in Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 17 20 27 30 
Cornstalk Flour 
--
Total Gas in cc. 90 180 360 360 360 360 360 
360 1~~":, 360 _ ' "' ·~· 360 360 360 360 360 pH 6.3 6.2 5.7 5.6 5.1 5.7 5.2 5.7 5.3 5.2 5.2 5.2 5.0 5.0 4.6 4.6 4.6 4.6 
Chopped Cornstalks 
Total Gas in cc. 135 1~ f"kt~wf.. IB5 135 135 135 135 f,, j ~,1 35_~~ pH 6.2 6.2 6.4 5.7 5.4 5.7 5.4 5.7 5.5 5.6 5.7 5.4 5.2 5.2 1 4.7 4.7 4.6 , 4.6 
• Corrected to 760 mm. pressure and 60° F. 
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Table VIII. Decomposition of Cornstalk Flour Submerged in Water 28°-30° C. 
Cornstalk After Fermenting 
Flour Five Ten 
I 
Thirty 
Used Days Days Days 
Constituents Total solids 23.66 23.31 23.56 22.19 
Present Volatile solids 21.70 21.45 21.66 20.52 
in Pentosans I 7.66 6.86 6.55 5.57 
Grams Cellulose 7.93 7.62 7.67 7.44 
Lignin 4.53 4.63 4.85 4.73 
Percentage Total solids 1.48 .42 6.21 
Decrease Volatile solids 1.15 .02 5.43 
in Pentosans 10.43 14.48 27.28 
Co:lStituents Cellulose 3.91 3.28 6.18 
Lignin + 2.21 +7.06 + 4.41 
Gas Total 360 360 360 
Produced Per gram cornstalk flour 
in cc. added 15.2 15.2 15.2 
at Per gram volatile solids I 760 mm. in cornstalk flour added 16.6 16.6 16.6 
and 60° F. Per gram volatile solids 
lost 1438.0 -- 305.0 
+ Plus indicates increases-probably due to formation of nitrogen complexes. 
chopped cornstalks than in the flour although the total break-down in the 
former was only 22 per cent in 30 days of fermentation. 
The pentosan decomposition was a little higher in the chopped stalks 
than in the flour during the first 13 days of incubation; after this time it 
Table IX. Decomposition of Chopped Cornstalks Submerged in Water 28° -30° C. 
Chopped After Fermenting 
Cornstalks Five Ten Thirty 
Used Days Days Days 
Constituents Total solids 24.14 22.27 22.39 20.98 
Present Volatile solids 21.32 19.88 20.10 I 18.57 
in Pentosans 6.50 5.57 5.83 I 5.36 
Grams Cellulose 8.43 7.65 7.59 I 6.51 
Lignin 4.49 4.73 4.42 4.51 
~ 
Percentage Total solids 7.75 7.25 I 13.10 
Decrease Volatile solids 6.75 5.73 I 12.90 
in Pentosans 14.32 10.31 I 17.53 
Constituents Cellulose 9.25 9.98 I 22.78 
Lignin I +5.35 0.16 I + 0.45 
Gas Total 135 135 175 
Produced Per gram chopped corn-
in cc. stalks added 5.6 5.6 7.3 
at Per gram volatile solids 
760 mm. in cornstalks added 6.3 6.3 8.2 
and 60° F. Per gram volatile solids 
lost 93.7 111.0 63.7 
--+ Plus values indicate increases-probably due to formation of nitrogen complexes. 
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Figure 5. Break-down of Cornstalk Flour and of Chopped Cornstalks Submerged in 
Water at 28°-30° C. 
was higher in the flour, showing a loss of 27 per cent after 30 days of 
fermentation. 
No lignin loss was noted either in the chopped cornstalks or in the 
cornstalk flour. Slight increases in lignin were noted at times but these 
differences were within the limits of experimental error. In some cases, 
however, there were increases of 5 per cent or more. In fermentations 
such as studied here lignin-nitrogen complexes are frequently formed 
which would be analyzed as lignin (unpublished data). Similar lignin 
increases have been reported in the literature (11). 
In this series of experiments the decomposition of the cellulose was 
somewhat greater in the chopped cornstalks than in the cornstalk flour. 
In the fermentations of the cornstalks submerged in a prepared seed, 
previously discussed, the losses were considerably greater in the corn-
stalk flour than in the chopped stalks. This result would be expected 
with the finer ground cornstalk flour. The behavior in the cornstalk series 
submerged in water might have been due to the manner of preparing the 
Table X. The Effect of Filtering off and of Washing the Cornstalk Flour.* 
Cornstalk After Fermenting 
Flour Five Ten 
I 
Thirty 
Used Days Days Days 
Constituents Total solids 23.66 21.67 21.30 19.75 
Present Volatile solids 21.70 21.03 20.65 19.20 
in Pentosans 7.66 6.38 6.17 5.43 
Grams Cellulose 7.93 7.45 7.72 I 7.44 
Lignin 4.53 4.63 4.78 I 4.48 
Percentage Total Solids 8.41 9.97 16.51 
Decrease Volatile solids 3.09 4.84 11.52 
in Pentosans 16.70 19.45 I 29.10 
Constituents Cellulose 6.05 2.63 6.18 
Lignin +2.20 +5.57 1.10 
* Submerged in water and fermented at 28° -30°C. 
+ Plus values indicate increases-probably due to formation of nitrogen complexes. 
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Table XI. Effect of Screening and Washing the Chopped Cornstalks.• 
Chopped After Fermenting 
Cornstalks Five Ten Thirty 
Used Days Days Days 
Constituents Total solids 24.14 18.16 17.81 15.86 
Present Volatile solids 21.32 17.37 17.16 I 15.28 
in Pentosans 6.50 5.26 5.12 I 4.66 
Grams Cellulose 8.43 7.09 7.04 6.22 
Lignin 4.49 4.03 3.78 I 3.72 
Precentage Total solids 24.77 26.22 I 34.30 
Decrease Volatile solids 18.54 19.54 I 28.32 
in Pentosans 19.08 21.25 I 28.30 
Constituents Cellulose 15.88 16.48 l 26.20 Lignin 10.26 15.82 17.17 
• Submerged in water and fermented at 28° -30° C. 
cornstalk flour and the chopped cornstalks. However, further investiga-
tion is needed for ascertaining the reasons for this behavior. 
The effect on the losses of the various constituents in the cornstalk 
flour resulting from filtering off the liquid and washing (filtering and 
washing done at the end of fermentation period) is shown in Table X and 
graphically in Figure 6. Slightly larger losses of pentosans and lignin, 
due to the filtering and washing, are noted; they are slight and of no real 
significance. Little change in the cellulose losses due to the filtering and 
washing were noted. The increased losses of cornstalk flour resulting from 
filtering and washing were probably due to true solution of a portion of 
the constituents, or to a reduction to colloidal size permitting a passage 
through the filter paper, or both. 
The effect on the losses of the various constituents in the chopped 
cornstalks resulting from the screening and washing is shown in Table XI 
and graphically in Figure 7. Increased losses in pentosans, cellulose, and 
lignin due to the screening and washing are indicated. These losses were 
probably caused by decrease in size of some of the chopped cornstalk 
particles permitting them to pass through the screen and into the liquid 
portion. 
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Figure 6. Effect of Filtering and Washing on the Cornstalk Flour Residue after 
Submerging in' Water at 28° -30° C. 
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Figure 7. Effect of Screening and Washing on the Chopped Cornstalk Residue after 
Fermenting Without a Prepared Seed at 28°-30° C. 
Submergence of cornstalks in water up to a period of 30 days at room 
temperature did not disclose any appreciable losses in lignin and pento-
sans. The decrease in chemicals required for pulping cornstalks sub-
merged in water for various lengths of time (as has been reported in the 
literature) is, therefore, probably due to physical rather than to biological 
action. 
SUMMARY AND CONCLUSIONS 
1. In the anaerobic decomposition at 28° to 30° C. cornstalk flour was 
fermented more rapidly than chopped cornstalks, producing 43 per cent 
more gas in the 30-day period. This gas consisted of 34 to 35 per cent 
carbon dioxide and 55 to 59 per cent methane. The methane could be used 
for the production of heat or power and the carbon dioxide could be re-
covered for use in the manufacture of dry ice or other products. 
2. In the cornstalk flour series approximately 95 per cent of the 
gas produced could be accounted for by the cellulose and pentosans de-
composed for the 3-, 20-, and 30-day periods. For the same periods in the 
chopped cornstalk series only 75 per cent of the gas produced could be 
accounted for by the cellulose and pentosans decomposed. 
3. For the 5- and 10-day periods, in both the cornstalk flour series 
and chopped cornstalk series, more cellulose and pentosans were decom-
posed than could be accounted for by the gas produced. This indicates 
that the rate of gas production cannot be taken as a criterion of the rate 
of break-down of the individual constituents of cornstalks during the 
earlier stages of decomposition. 
4. In the cornstalk flour series the cellulose and pentosan losses were 
considerably greater than in the chopped cornstalk series. In the chopped 
cornstalk series the lignin loss was greater than in the cornstalk flour 
series. 
5. By screening and washing the chopped cornstalk residue after 
fermentation periods of 3, 5, and 10 days, the pentosan losses were 
increased. Cellulose losses, however, were not increased. For the 20- and 
30-day periods the pentosan losses were not increased by screening and 
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washing while the cellulose losses were increased. For all periods the 
lignin losses were increased by screening and washing. · 
6. The incubation of cornstalk flour and chopped cornstalks, sub-
merged in water, showed small losses of the principal constituents. This 
procedure offers very little promise for use in pulp manufacture. 
7. The fermentation of chopped cornstalks, using an active seed, 
shows some promise of being adaptable to the manufacture of pulp. 
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In working over the North American Psyllidae several species have 
been encountered which herein are described as new. They all occur in 
the western part of the United States, an area in which these insects are 
especially abundant. I am indebted to Mr. P. W. Oman of the United 
States National Museum, Dr. R. H. Beamer of the University of Kansas 
and Mr. Joe Schuh of Oregon State College for assistance and the loan of 
material. The disposition of the types is indicated after each description. 
Aphalara cuyama n. sp. 
This extremely small species seems to resemble most the A. 
artemesiae group. Length to tip of folded wing 1.3 mm. 
Color: General color greenish. Wings white with scattered brown 
spots. 
Structure: Vertex with very prominent discal foveae, deeply cleft in 
front. Clypeus large, prominent. Antennae one and one third times as 
long as width of head. 
Genitalia: Caudal lobe of male proctiger not extending beyond for-
ceps, blunt, ventral hooks small. Forcps large, in lateral view flabellate, 
anterior half of apex excavate; in dorsal aspect both anterior and posterior 
apical margins incurved as hooks, black margined. Female genital 
segment quite small, shorter than remainder of abdomen. 
Holotype, male, allotype, female, 2 male paratypes, Cuyama Ranch, 
California, July 25, 1935, R.H. Beamer. 
Types in Snow Collection, University of Kansas, paratype in author's 
collection. 
Aphalaroida californica n. sp. 
Resembling Aphalaroida inermis but forewings without any glandular 
hairs, more rhomboidal and with a single brown macula before apex, re-
mainder yellow or white. Length to tip of folded wings 2.00-2.25 mm. 
Color: General color yellow. Forewings with irregular white areas 
and broad brown macula across apex. 
Structure: Vertex smooth and broad. Antennae one fourth longer 
than width of head. Forewings very broad, flaring, somewhat rhomboidal, 
twice as long as greatest width. 
Genitalia: Very similar to A. pithecolobia, male forceps broader and 
black margined apically. 
Holotype, female, allotype, male, Indio. California, Amt. 5. 1935. RH. 
Beamer; one female paratype Indio, California, June 29, 1933, R. H. 
Beamer. ·l 
Types in Snow Collection, University of Kansas. 
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Calophya oweni n. sp. 
Resembling Calophya californica but vertex more rounded, genal 
cones very short and wings rugose and fumate. Length 2 mm. 
Color: Head (except genal cones and antennae), thorax including 
legs (except hind tibiae), and proximal 1/ 7 of forewings fuscous. Re-
mainder of body yellowish. Forewings with a narrow hyaline area 
proximal of the black portion. 
Structure: Vertex evenly rounded downward in front. Genal cones 
very small, sharp. Forewings rugose and semi-opaque, evenly rounded, 
pterostigma very large. 
Genitalia: Male proctiger almost straight-sided in lateral view, not 
enlarged as in other members of the genus. Forceps broad, enlarged 
toward apex, notched, anterior portion incurved, black tipped, apex black 
margined. Female genital segment slightly shorter than remainder of 
abdomen, valves about equal in length. 
Holotype, male, allotype, female, 13 male and 9 female paratypes, 
Mesa Verde Park, Colorado, June 30, 1938, L. D. Tuthill, taken on 
Phorodendron juniperinum Engelm. 
This species is named in honor of Mr. Truit L. Owen whose interest 
and assitance made its collection possible. 
Types in author's collection, Snow Collection, and United States 
National Museum. 
Trioza phorodendrae n. sp. 
Resembling Trioza mexicana Craw£. but vertex rounding more evenly 
into genal cones, yellow in color, female genital segment shorter. Length 
to tip of folded wings 2.5 mm. 
Col01·: Uniformly yellow except eves, tip of female genital segment, 
ovipositor and black margins of male forceps. 
Structure: Vertex somewhat rounding. Antennae about as long as 
width of head. Genal cones acute, somewhat divergent, two-thirds as long 
as vertex, pubescent. Forewings somewhat yellowish, nerves yellow. 
Apex of hind tibiae with three inner spines. 
Genitalia: Male proctiger quite broad, anterior margin curved, pos-
terior margin straight. Forceps in lateral aspect curving forward; "folded" 
so as to appear double in apical half, lateral folds evenly narrowed to 
apices, medial folds with heavy, black, truncate apices; bearing many 
very heavy medially projecting setae basally. Female genital segment as 
long as remainder of abdomen. rounding, produced at apex into a brown 
styliform portion, at least tip of ovipostitor protruding. 
Holotupe. male, allot1~pe, female. 7 male and 17 female paratypes, 
Mesa Verde Park, Color<1do, June 30, 1938. L. D. Tuthill. 
Taken on Phorodendron juniperinum Engelm. 
Types and paratypes in author's collection. Paratypes in Snow Col-
lection and United States National Museum. 
Trioza beameri n. sp. 
Resembling Trioza bakeri but larger, genal cones longer and extend-
ing fnrw·ard. antennae longer. Len~h to tin of folded wings 5 mm. 
Color: The specimens at hand are uniformly whitish yellow except 
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the eyes and tips of the antennae. This may be due in part at least to 
fading. 
Structure: Entire body pubescent, least prominently on adbomen. 
Vertex plane with two prominent sulcate depressions. Antennae about 
one and one-third times as long as width of head. Genal cones large, 
extending forward, three-fourths as long as vertex. Forewings very 
large, twice as long as body, acute, almost three times as long as broad, 
first marginal cell larger than second. 
Genitalia: Male proctiger in lateral aspect broad in basal hall, then 
obliquely truncate to apex. Forceps in lateral view almost straight to 
apices which are produced posteriorly into blunt black teeth; in caudal 
view broadest at base, bowed out, evenly narrowed to apices. Female 
genital segment about as long as remainder of abdomen, valves straight to 
acute apex, dorsal slightly longer than ventral; very pubescent. 
Holotype, male, allotype, female, 4 male and 5 female paratypes, 
San Jacinto Mountains, California, July 21, 1929, R.H. Beamer. 
This species is named in honor of Dr. R.H. Beamer of the University 
of Kansas, Department of Entomology. 
Holotype, allotype and paratypes in Snow Collection, University of 
Kansas. Paratypes in author's collection. 
Trioza f orcipula n . sp. 
Resembles Trioza aylmeriae but smaller, darker, genitalia distinct. 
Length to tip of folded wings, 3.0 mm. 
Color: Dorsum orange-red except center of abdominal tergites, two 
incomplete lines on thorax, discal foveae and medial suture of vertex and 
antennae black. Venter black except tips of genal cones and tibiae. 
Structure: Head wide, almost as wide as thorax. Discal foveae and 
medial suture of vertex prominent. Genal cones two thirds as long as 
vertex. Antennae slightly over one and one-fourth times as long as width 
of head. Forewings a little more than twice as long as wide, rather bluntly 
angled. Hind tibiae with three inner apical spines. 
Genitalia: Proctiger of male with very long, upcurved posterior lobes, 
much as in T. aylmeriae, apical tuft of spines much less prominent how-
ever. Forceps bent forward and also inward, touching most of their 
length, apices deeply notched, anterior tooth larger. Female genital seg-
ment short, almost globose in lateral aspect, apices of valves black, 
slightly produced. 
Holotype, male, allotype, female, 4 male and 29 female paratypes, 
Slumgullion Pass, Colorado, June 29, 1937, L. D. Tuthill; 16 male and 10 
female paratypes, same data, collected by R. H. Beamer; 2 male and 2 
female paratypes, Pullman, Washington, May. 
Holotype, allotype, and paratypes in author's collection. Paratypes 
in Snow Collection, University of Kansas, and in United States National 
Museum. 
Trioza stugma n. sp. 
Resembles T. viridis but has short antennae genal cones are much 
sharper and project downward and the forewings are rounded and have 
a long Rs vein. Length to tip of folded wings 2.5 mm. 
Color: General color green. Eyes, antennae. distal -portions of leg 
segments, etc., light fulvous. Forewings slightly infuscated. 
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Structure: Head almost as wide as thorax. Vertex with two promin-
ent foveae, very strongly protruded in front on each side of medial sulcus, 
overhanging the short genal cones, latter one half as long as vertex. 
Antennae one and one-fourth times as long as width of head. Thorax not 
strongly arched. Forewings rounded at apex, two and one-half times as 
long as wide, venation typical. Hind tibiae with two inner apical spines. 
Genitalia: Male genitalia small. Proctiger short, somewhat produced 
caudally. Forceps very short and broad in lateral aspect, apex rounded 
and bearing a large, medially projecting black pointed tooth. Female 
genital segment short, valves subequal in length, dorsal one straight, 
ventral concave dorsally. 
Holotype, male, allotype, female, Placer County, California, Septem-
ber, A. Koebele; 4 male paratypes, same data; one female paratype, 
Strawberry, California, August 8, 1929, L. D. Anderson. 
Holotype, allotype and paratypes in United States National Museum. 
Paratypes in Snow Collection, University of Kansas, and in author's 
collection. 
Trioza occidentalis n. sp. 
This species bears a somewhat superficial resemblance to T. tripunc-
tata (Phyllopecta) but may readily be distinguished from it bv the lack of 
wing maculation, lack of anteriorly projecting coxal spurs and by the very 
elongate female genitalia. Length to tip of folded wings 4 mm. 
Color: The specimens at hand are golden brown, lighter ventrally. 
Structure: Head narrower than thorax. Vertex quite plane, raised. 
Antennae not quite twice as long as width of vertex. Genal cones large, 
thick, conical, two-thirds as long as vertex. Thorax very strongly arched, 
praescutum almost projecting over pronotum. Forewings broad, blunt, 
two and one-half times as long as wide; marginal cells small. Hind tibiae 
with two inner apical spines. 
Genitalia: Female genital segment two-thirds as long as remainder of 
abdomen, conical, upcurved. 
Holotype, female, Marin County, California; one female paratype 
Kaslo Creek, British Columbia, A. N. Caudell. The type bears a label 
Corylu~ rostrata Ait. and bears the manuscript name, "Trioza coryli." 
Holotype in United States National Museum, paratype in author's 
collection. 
Trioza pulla n. sp. 
This species resembles T. maura somewhat but differs from it in hav-
ing much longer, more slender genal cones, longer antennae (almost 
twice as long as width of vertex) and in the genitalia. Length to tip of 
folded wings 3.5 mm. 
Color: Head, thorax, femora and apical half of antennae fuscous. 
P emaindPr of legs and antennae pale. Abdomen green. Wings milky. 
Females lighter, vertex and thoracic dorsum fuscotestaceous. 
Structure: Head broad. Vertex quite flat for Trioza. Antennae long, 
almost twice as long as width of vertex. Genal cones slender, acute, 
slightly longer than vertex, projecting downward, strai.ght, not touching 
at all. Thoracic dorsum not very strongly arched. Hind tibiae with two 
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inner apical spines. Forewings two and one-half times as long as wide. 
Gena! cones, legs and genitalia very pubescent. 
Genitalia: Male genitalia small. Proctiger with a long blunt caudal 
lobe. Forceps quite broad at base, sharply narrowed midway then taper-
ing to truncate apex with a small anterior tooth. Female genital segment 
about one-third as long as remainder of abdomen, dorsal valve rounding 
down to acute black apex, ventral valve shorter. 
Holotype, male, Sumner Washington, July 6, 1935, P. W. Oman; one 
male paratype, same data; allotype, female, Vernonia, Oregon, April 21, 
1936, K. Gray; 5 male and 5 female paratypes, same data. 
Holotype and paratype in United State National Museum, allotype 
and paratypes in Oregon State College Collection, paratypes in author's 
collection. 
Trioza inversa n. sp. 
Resembles T. frontalis but much darker in color and male genitalia 
distinct. Length to tip of folded wings 3.0 mm. 
Color: General color of dorsum ferrugineous with a pair of fuscous 
markings on vertex, a pair on scutum, another pair on scutellum. Venter, 
femora and antennae fuscous, remainder fulvous. Wings hyaline. 
Structure: Head broad, almost as wide as thorax. Antennae one and 
one-third times as long as width of head. Genal cones long, quite sharp, 
projecting downward, four-fifths as long as vertex. Forewings only 
slightly angulate, almost three times as long as wide. Hind tibiae with 
three inner apical spines. 
Genitalia: Proctiger with a basal caudal projection, apex very nar-
row. Forceps in lateral aspect large at base, narrowed to spatulate apices; 
in caudal aspect broad at base, laterally concave to apices, touching most 
of their length. Female genital segment about half as long as remainder 
of abdomen, acute, dorsal valve slightly longer than ventral. 
Holotype, male, allotype, female, 7 male and 9 female paratypes, 
Slumgullion Pass, Colorado, June 29, 1937, L. D. Tuthill; 4 male and one 
female paratype same locality and dates, R. H. Beamer; one male and one 
female paratype, Logan Canyon, Utah, May 16, 1934, T. 0. Thatcher; 2 
male and one female paratype, Bear Lake, British Columbia, July 20-29, 
1903, R. P. Currie. 
Holotype, allotype and paratypes in author's collection. Paratypes 
in Snow Collection, University of Kansas, and in United States National 
Museum. 
Trioza rubra n. sp. 
Length to tip of folded wings 3. 75 mm. 
Color: The color varies through shades of red to almost black, the 
males being darker in general. The distal parts of the legs lighter. An-
tennae white except distal third black. 
Structure: Vertex plane, medial sulcus prominent, bulging in front. 
Antennae almost twice as long as width of vertex, basal portion some-
what swollen. Genal cones large, divergent, blunt, two-thirds as long as 
vertex. Forewings rather bluntly angled, almost three times as long as 
wide. Hind tibiae with two inner apical spines. 
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Genitalia: Male proctiger with two caudally projecting rather sharp 
lobes, surrounding forceps. Forceps large at base, tapering to long 
slender black-tipped apices, curving forward throughout their length. 
Female genital segment short, about one-third as long as remainder of 
abdomen, dorsal valve slightly longer than ventral, dorsal valve some-
what concave, black apically. 
Holotype, female, Creede, Colorado, July 9, 1937, L. D. Tuthill; allo"' 
type, male, Creede, Colorado, July 12, 1938, L. D. Tuthill. Paratypes as 
follows: 3 females same data as holotype; 4 females, Creede, Colorado, 
July 8, 1937, L. D. Tuthill; 2 females, Creede, Colorado, July 12, 1938, 
L. D. Tuthill; 2 males and 2 females, Silver City, New Mexico, July 22-23, 
1936, R.H. Beamer; one male, Grand Canyon, Arizona, Aug. 11, 1927, R. 
H. Beamer; one male, Sun Pass, Oregon, July 1, 1935, R. H. Beamer; 2 
females. Colorado, C. F. Baker. 
Holotype, allotype and paratypes in author's collection. Paratypes in 
Snow Collection, University of Kansas, and United States National 
Museum. 
Psylla phorodendrae n. sp. 
This is a very stout species. Length to tip of folded wings 3 mm. 
Color: Green, forewings olive green. 
Structure: Head very broad, wider than thorax. Antennae about 
twice as long as width of head. Eyes borne on prominent stalk-like area' 
of head. Genal cones short, not as long as broad, rather blunt. Thorax 
very broad. Wings twice as long as wide, pterostigma large. 
Genitalia: Male proctiger narrow in lateral aspect, straight. Forceps 
very slender in lateral view, base somewhat enlarged, remainder bent 
forward, apices blunt, postero-apical margins sharp, black margined; in 
caudal aspect bowed out, apices touching, a large mesally projecting, black 
tipped tooth near base. Female genital segment short, about one-half as 
long as remainder of abdomen, dorsal valve elongate hood shaped, ventral 
valve very short with a large median, transparent truncate tooth. 
Holotype, female, allotype, male, 15 female and 6 male paratypes, 
Huachuca Mountains, Arizona, July 18, 1938, R.H. Beamer; 2 female and 
2 male paratypes, Los Angeles County, California, May, A, Koebele. The 
Arizona specimens were taken on mistletoe on oak, the California speci-
mens bear the label Phorodendron pubescens, the latter are accompanied 
by several nymphs. 
Holotype, allotype and paratypes in Snow Collection, University of 
Kansas; paratypes in United States National Museum and author's 
collection. 
A COMPARISON OF SPRING MIGRATIONS OF SOME BIRDS 
THROUGH CLAY AND PALO ALTO COUNTIES, IOWA1 
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The opportunity to observe the spring, 1938, migrating birds in Clay 
and Palo Alto Counties, Iowa, and reference to a list of spring, 1934, bird 
migration for those counties (Bennett 1938) made possible a comparison 
of the migrations of the two seasons. The field data were gathered in the 
"Ruthven area", which lies on the north-south county line of Clay and 
Palo Alto Counties and in the immediate vicinity of Ruthven, Iowa. That 
area contains a large remnant of potholes, lakes, and marshes which were 
free of ice March 21, 1938. 
The 1938 observations were made from March 20 to June 15. 
The census of the birds was made by taking a direct count of small 
numbers to 100 and by estimating the flocks larger than 100 individuals. 
Each day the species and the number of birds observed were recorded. In 
this way the dates of the main flight and the total number of each bird 
species migrating through Clay and Palo Alto Counties in 1938 was de-
termined. Field glasses were used to spot-check flocks and rafts of birds. 
Each day approximately 30 miles of roads surrounding the important 
water areas were traversed, and observations were made from a motor 
boat with which the writer traveled over the larger bodies of water. Ob-
servations were made during all periods of the day, especially late in 
evening and early in morning when the birds appeared to be more active. 
Of those birds showing a distinct difference between the male and the 
female, sex ratios were taken. 
The research was under the direction of Dr. George 0. Hendrickson, 
Assistant Professor, Wildlife Management, and Thomas G. Scott, As-
sociate Biologist, United States Bureau of Biological Survey. 
Table 3 presents a comparison of the spring bird migration of 1938 
with the spring migration of 1934 through the Ruthven area. In addition 
to the dates when the first and last migrants were observed and the period 
or date when the main flight took place, the approximate numbers of birds 
observed during both seasons are given in this table. Many of the birds 
nested in northwest Iowa and are so designated by "nesting" in the 
column for the "Date Last Seen". Those birds which rarely occur in 
northwest Iowa and probably were not present in the Ruthven area dur-
ing one of the seasons, are marked "X" in the table; those birds which 
probably were present in both seasons but not recognized are marked 
''.XX". 
The first migrant geese of each species arrived at the Ruthven area in 
1938 on approximately the same dates as they did in 1934. However, the 
main flight of the geese through Clay and Palo Alto Counties was one to 
1 Journal Paper No. J-592 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 496. In cooperation with the American Wildlife Institute, the United 
States Biological Survey, and the Iowa State Conservation Commission. 
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two weeks earlier in 1938 than in 1934. The main flight of the Blue Goose 
(Chen caerulescens) during 1934 was on April 15, and in 1938 on March 
31, although this species arrived March 19 and March 22 in 1934 and 1938, 
respectively. The date that geese were last seen in the Ruthven area did 
not vary more than three or four days for the two years, with the ex-
ception of one juvenile Blue Goose observed on May 27, 1938, three weeks 
later than the last Blue Goose observed in 1934. This juvenile Blue Goose 
was observed in company with 15 Double-crested Cormorant (Phala-
crocorax auritus auritus). The main flight of the White-fronted Goose 
(A nser albifrons albifrons) and Common Canada Goose (Bran ta cana-
densis canadensis) was two and one-half weeks and one week, respective-
ly, earlier in 1938 than in 1934. 
The total number of geese migrating through Clay and Falto Alto 
Counties was greater in 1938 than in 1934. However, the number of Com-
mon Canada Goose and the White-fronted Goose in 1938 increased only 
slightly over the numbers in 1934. The Blue Goose migrating through 
the two counties increased from 30,000 in 1934 to 50,000 in 1938, but the 
Lesser Snow Goose (Chen hyperborea hyperborea), which traveled in 
close company with the Blue Goose, decreased in numbers in those same 
years. The ratio of the Blue Goose to the Lesser Snow Goose migrating 
together was a little more than three to one. 
During the 1938 spring migration, 13 of the duck species arrived in 
the Ruthven area during the third week of March, and two species during 
the first week of April, whereas, in the 1934 season 10 species arrived dur-
ing the third week of March and five species during the first week of 
April. The most noticeable difference in migration activities was ob-
served in the American Pintail (Dafila acuta tzitzihoa). The American 
Pintail arrived March 21 in the Ruthven area in great numbers during 
the 1938 season and were at the height of migration March 21 to April 20, 
as compared with the 1934 main flight which lasted two full months, 
March 20 to May 15. The American Pintail flight was definitely over by 
May 1 in the 1938 season. 
The Blue-winged Teal (Querquedula discors) arrived two and a half 
weeks earlier in the Ruthven area in 1938 than in 1934. Such birds as the 
Lesser Loon (Gavia immer elasson), Pied-billed Grebe (Podilymbus podi-
ceps podiceps), Double-crested Cormorant, American Bittern (Botaurus 
lentiginosus), Gadwall (Chaulelasmus streperus), Baldpate (Mareca 
americana), Buffle-head (Charitonetta albeola), Ruddy Duck (Erisma-
tura jamaicensis rubida), American Coot (Fulica americana americana), 
Upland Plover (Bartramia longicauda), Black Tern (Chlidonias nigra 
surinamensis), and Yellow-headed Blackbird (Xanthocephalus xantho-
cephalus), arrived in the lake region of Ruthven one to two weeks ahead 
of the first migrants of the same species in 1934. 
The ducks, other than those nesting in Clay and Palo Alto Counties, 
were last seen at a much later date in these counties in 1938 than in 1934. 
The Lesser Scaup Duck (Nyroca affinis) was found nesting in the marshes 
of northwest Iowa in 1938 and remained on the lake and marshes in 
flocks to 30 in number until June 10, but in 1934 it was not seen after 
April 25. In 1938 the Ring-necked Duck (Nyroca collaris) remained in 
northwest Iowa two weeks, the Buffle-head three weeks, the Green-
winged Teal ( N ettion carolinense) and Bald pate four weeks and the Gad-
wall six weeks, longer than in 1934. 
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The majority of the ducks migrating through Ruthven increased in 
numbers in the 1938 season over the 1934 season. Those ducks making 
the most noticeable increase in migrating numbers were Redhead (Ny-
roca americana), Ruddy Duck, Blue-winged Teal, Shoveller (Spatula 
clypeata), Lesser Scaup Duck, and Buffle-head. Approximately 300 per 
cent more Redhead, 200 per cent more Ruddy Duck and Lesser Scaup 
Duck, 400 per cent more Buffle-head, and 66 per cent more Canvas-back 
(Nyroca valisneria) migrated through the Ruthven area in 1938 than 
were reported in 1934. However, about 50 per cent as many American 
P intail and 66 per cent as many Common Mallard ( Anas platyrhynchos 
platyrhynchos) and Gadwall migrated through the Ruthven area during 
1938 as in 1934. 
The number of the Double-crested Cormorant migrating through the 
Ruthven area in 1938 was 350 as compared with 24 individuals in 1934. 
Flocks of 15 to 30 Double-crested Cormorant were common sights during 
the last days in May and early June of 1938. 
The Greater Prairie Chicken (Tympanuchus cupido americanus) 
wintering in a 1500 acre slough of Clay County numbered 4000 in the 
spring of 1934. A census taken in the spring of 1938 showed three indi-
viduals in the same slough. 
The American Coot, according to permanent residents familiar with 
the bird, was reported March 14, 1938, at Greene's Slough, Clay County. 
The writer observed numerous American Coot on March 21. In 1934 the 
bird arrived at Ruthven on March 20. The American Coot remained in 
Clay and Palo Alto Counties after the migration season in larger numbers 
than any other migratory waterfowl. The number of American Coot in 
1938 was 66 per cent greater than the number migrating through the 
Ruthven area in 1934. The Florida Gallinule (Gallinula chloropus 
cachinnans) , which in numbers were about two per cent of the American 
Coot, arrived April 28, 1938. 
During the 1938 migration season the White Pelican (Pelecanus 
ery throrhynchos) , which had been recorded for the Sioux City area but 
not for the Ruthven area (DuMont, 1933) arrived at the Ruthven area on 
April 21 and left about June 10. They numbered approximately 500. 
The White Pelican spent a great deal of time feeding on the sloughs and 
lakes in the Ruthven area. They were also observed at Lake Okoboji in 
Dickinson County in the spring of 1938. 
The American Egret (Casmerodius albus egretta) reported in Palo 
Alto County, 1932, (DuMont, 1933) was observed in Clay County August 
8, 1938. 
The shore birds did not appear to be numerous during the migration 
season of 1938 in the Ruthven area. Many of the shore birds reported in 
1934 were not seen in 1938, including such birds as the American Golden 
Plover (Pluvialis dominica dominica) , the Black-bellied Plover (Squata-
rola squatarola), the Marbled Godwit (Limosa fedoa), the Hudsonian 
Godwit (Limosa haemastica), and the Avocet (Recurvirostra americana). 
The water levels were much higher in the Ruthven area for the spring 
months of 1938 than they had been for many years previous. These in-
creased water levels eliminated much of the open shore lines which shore 
birds frequent in their spring migration. 
Of those ducks showing distinct sex markings, sex ratios were taken. 
Flocks were counted for sex only when the observer could approach 
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close enough for accurate identification. With the exception of one 
species, the male ducks in the flocks were in excess of the female ducks 
during the 1938 spring migration through the Ruthven area. Mcllhenny 
(1934) gave sex ratios of the ducks that he banded during 22 consecutive 
years on A very Island, Louisiana. He found an excess of males in each 
species banded on this wintering ground of the ducks. Furniss (1935) 
reported the males in excess of the females on the duck breeding grounds 
of Saskatchewan, Canada. Table 1 presents a brief summary of the sex 
ratios of the ducks on the wintering grounds, on the spring migration 
through northwest Iowa, and on the breeding grounds of Saskatchewan. 
TABLE 1. Sex ratios of ducks on their wintering graund (Lauisiana), spring Migration 
(Iowa), and breeding graund (Saskatchewan) 
Species 
Common Mallard ( Anas 
platyrhynchos platyrhynchos) . . 
Gadwall (Chaulelasmus 
streperus) .................... . 
Baldpate (Mareca 
am.ericana) .... . . . ..... .. . . . .. . 
American Pintail 
(Dafila acuta tzitzihoa) . . . . ... . 
Green-winged Teal 
(Nettion carolinense) . .. . . . . . . . 
Blue-winged Teal 
(Querquedula discors) ....... . . 
Shoveller 
(Spatula clypeata) .... . .. . . .. . 
Redhead 
(Nyroca americana) .... . . . . . . . 
Ring-necked Duck 
(Nyroca collaris) ......... . ... . 
Canvas-back 
(Nyroca valisneria) . ........ . . . 
Lesser Scaup Duck 
(Nyroca a:ffenis) ...... .. .. .... . 
Buffie-head 
(Charitonetta albeola) . . ... ... . 
Ruddy Duck (Erismatura 
jamaicensis rubida.) . . . .. ..... . 
American Golden-eye (Glau -
cionetta clangula americana) . .. 
Averages .................. . . . 
Ratios at 
A very Island, 
Louisiana, 1934 
Male to Female 
-- --
-- --
-- --
1.66 - 1 
-- --
4.2 - 1 
-- --
-- --
4.5 -1 
4.5 - 1 
2.5 - 1 
-- --
-- --
- - --
3.47 - 1 
Ratios at Ratios at 
Ruthven, Saskatchewan, 
Iowa, 1938 Canada, 1935 
Male to Female Male to Female 
1.0 - 1 1.7 - 1 
1.5 - 1 1.5 - 1 
2.0 -1 1.4 -1 
3.0 -1 2.9 - 1 
2.0 - 1 1.2 - 1 
1.5 -1 1.5 - 1 
2.0 - 1 1.0 - 1 
1.5 - 1 1.2 - 1 
1.5 - 1 1.0 -1 
2.0 -1 1.5 - 1 
2.0 - 1 1.6 - 1 
1.4 - 1 2.0 - 1 
1.25 - 1 3.4 -1 
-- --
1.1 - 1 
1.74 - 1 1.64 - 1 
The state of weather at any particular point along the migration 
route has little, if anything, to do with the time of arrival of migratory 
birds, but the weather at various points on the route may affect the activi-
ties of the birds as they pass through these particular spots on their 
journey north by influencing the food supply (Lincoln, 1935). Table 2 
TABLE 2. Average and departure from the average temperature and rainfull for the State of Iowa, Clay and Palo Alto CO'Uonties for 
1934 and 1938 
(Data for this table taken from Climatological Data of the Iowa Section of the United States Department of Agriculture Weather 
Bureau.) > 
1934 
Average Departure Average Departure 
Tempera- from Precipi- from 
Month ture Average ta ti on Average Average 
Tempera-
ture 
Iowa: 
March ..... 34.4 +0.1 1.09 -0.65 43.7 
April ..... . 50.4 + 1.7 1.07 -1.67 50.3 
May ...... 69.6 +9.6 1.02 -3.06 59.5 
June 
······ 
77.2 + 7.6 3.49 -1.12 69.2 
Clay 
County: 
March ... .. 32.2 +1.3 0.86 -0.35 39.6 
April ...... 48.8 +2.2 1.97 -1.20 49.0 
May ... .. . 70.6 + 11.5 0.24 -3.40 57 
June ...... 74.0 +5.9 7.80 +4.28 69.2 
Palo Alto 
County: 
March ..... 32.2 +1.0 1.42 +0.08 39.8 
April ...... 47.8 + 1.2 1.20 -1.51 47.6 
May .... .. 69.6 +10.5 0.30 -3.53 55.4 
June ... ... 73.8 +5.7 5.00 +0.85 67.6 ' 
1938 
Departure Average Departure 
from Precipi- from 
Average ta ti on Average 
+9.2 2.35 +0.62 
+ 1.6 3.66 +0.93 
-0.5 5.45 + 1.36 
I -0.3 4.67 +0.06 
+ 8.7 1.51 +0.34 
I + 2.4 2.89 I +0.27 
-2.1 6.08 I + 1.72 
+u 5.39 + 1.87 
+8.6 1.67 + 0.48 
+1.0 2.60 +0.16 
-3.7 4.27 +0.21 
-0.5 4.78 +0.61 
I Difference 
The Positive Sign 
( +) indicates Values 
larger in 1938 
than in 1934 
Temp. Pree. 
+9.3 +1.26 
I -0.1 +2.59 
-10.l +4.43 
-8.0 + 1.18 
-7.4 +o.65 
I + 0.2 I +0.92 
-13.4 +5.84 
-4.8 -2.41 
+7.6 +0.25 
-0.2 +1.40 
-14.2 +3.97 
-6.2 -0.22 
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TABLE 3. Comparison of the bird migration seasons of 1934 and 1938 in Clay and Palo Alto Counties, Iowa 
Date First Seen Main Flight Date Last Seen Number Seen 
Species 1934 1938 1934 1938 1934 1938 1934 1938 
Lesser Loon (Gavia 
imm er elasson) .. .. ... .. .. .. .. Apr. 10 Apr. 2 
···· ·· · ····· 
Apr. 1-3 
···· · · ·· 
Apr. 5 30 25 
Eared Grebe (Colymbus 
nigricollis californicus) ........ Apr. 20 Apr. 25 
··· ········ · 
May 14 Nesting* Nesting 85 150 
Pied-billed Grebe (Podilymbus 
podiceps podiceps) ... ...... . . . Apr. 14 
White Pelican 
Mar. 22 Apr. 29 Apr. 15 Nesting Nesting 800 1,500 
(Pelecanus erythrorhynchos) .. . . . t ... 
Double-crested Cormorant 
Apr. 21 . ... . .. . ... . Apr. 28 . . . .. ... June 10 ... ....... 500 
(Phalacrocorax auritus auritis) Apr. 30 Apr. 11 . .. ... . .. .. . 
American Egret 
May 2 .. .. ... . May 30 24 350 
(Casmerodius albus egretta) .. 
Black-crowned Night Heron 
. . . t . .. Aug. 12 . ... ....... . 1 ind. seen ... .... . Aug. 13 . .. ..... .. 1 
( Nycticorax nycticorax hoactli ) ... t ... Apr. 13 ........... . Apr. 25 . .. ..... Nesting . ..... .... 300 
American Bittern 
(Botaurus lentiginosus) .... . .. Apr. 22 Apr. 13 May 15-19 
Eastern Least Bittern 
Apr. 23 Nesting Nesting 600 500 
(lxobrychus exilis exilis) ..... ... :j: ••. Apr. 26 .... ... .... . May 24 . ....... Nesting . ... . ..... 2,000 
Common Canada Goose -
(Bran ta canadensis canadensis) Mar. 19 
White-fronted Goose 
Mar. 17 Apr. 17 Apr. 10 May 5 Apr. 26 5,000 7,000 
( Anser albifrons albifrons) . ... Apr. 6 Mar. 26 Apr. 12 Mar. 26-Apr. 4 Apr. 30 Apr. 29 200 300 
Lesser Snow Goose 
(Chen hyperborea hyperborea) 
Blue Goose 
Mar. 19 Mar. 22 Apr. 16 Apr. 10 May 2 Apr. 30 20,000 15,000 
(Chen caerulescens) ..... ... .. Mar. 19 Mar. 22 Apr. 15 Mar. 31 May 1 May 27 30,000 50,000 
* Nesting birds-last migrants not detected. 
t Rare birds, probably not present in this year. 
:j: Birds probably present in this year but not recorded. 
TABLE 3. (Continued) 
Date First Seen Main Flight Date Last Seen Number Seen 
Species 1934 1938 1934 1938 1934 1938 1934 1938 
Common Mallard ( Anas 
platyrhynchos platyrhynchos) Mar. 15 Mar. 21 Mar. 20-May 15 Mar. 20-Apr. 15 Nesting Nesting 400,000 250,000 
Red-legged Black Duck 
( Anas rubripes rubripes) ..... . Mar. 20 . . . :j: •.• ........ ... . ............ ........ . ....... 100 . ..... 
Gadwall 
(Chaulelasmus streperus) 
Bald pate 
..... Apr. 4 Mar. 24 Apr. 19 Mar. 24 Apr. 28 Aug. 12 10,000 8,000 
(Mareca americana) ........... Apr. 2 Mar. 24 Apr. 19 Apr. 8 Apr. 28 June 4 8,000 10,000 
American Pintail 
(Dafila acuta tzitzihoa) .... .. . . Mar. 15 Mar. 21 Mar. 20-May 15 Mar. 21-Apr. 20 Nesting Nesting 1,000,000+ 500,000 
Green-winged Teal 
(Nettion carolinense) 
········· 
Mar. 20 Mar. 26 Apr. 14 
Blue-winged Teal 
Apr. 18 Apr. 28 May 28 8,000 10,000 
(Querquedula diswrs) 
········ 
Apr. 7 Mar. 21 
Shoveller 
Apr. 25 Apr. 19 Nesting Nesting 20,000 30,000 
(Spatula clypeata) ....... ..... Mar. 23 Mar. 21 Apr. 13 Apr. 15 Nesting Nesting 15,000 25,000 
Redhead 
(Nyroca americana) ..... .. ... Mar. 20 Mar. 22 Apr. 8 
Ring-necked Duck 
Mar. 24-Apr. 18 Nesting Nesting 1,000 3,500 
(Nyroca collaris) ............. Mar. 20 Mar. 23 Apr. 12 
Canvas-back 
Mar. 28-Apr. 1 May 1 May 12 8,000 10,000 
(Nyroca valisneria) 
··········· 
Mar. 15 Mar. 22 Apr. 9 Apr. 18 Nesting Nesting 300 500 
Lesser Scaup Duck 
(Nyroca affinis) ............... Mar. 15 Mar. 21 Apr. 13-17 
American Golden-eye (Glau-
Apr. 6-12 Apr. 25 Nesting 20,000 40,000 
cionetta clangula americana) .. Mar. 19 Apr. 3 Mar. 31 Apr. 3 Apr. 13 Apr. 13 300 30 
Buffie-head 
(Charitonetta albeola) ......... 
Ruddy Duck (Erismatura 
Apr. 9 Mar. 23 Apr. 13 Apr. 1 Apr. 13 May 9 50 200 
jamaicensis rubida) .. ......... Apr. 14 Apr. 2 Apr. 18 Apr. 29 Nesting Nesting 500 1,000 
Hooded Merganser 
(Lophodytes cucullatus) ...... Apr. 10 Apr. 3 ............ May 10 ....... . . ....... 40 35 
TABLE 3. (Cont~nued) 
Date First Seen Main Flight Date Last Seen Number Seen 
--- -
~ 
·-
Species 1934 I 1938 1934 1938 1934 1938 1934 1938 
American Merganser ( M ergus 
merganser america.nus) .. ..... Mar. 18 • . • :j: . .• Apr. 10 . ....... .... Apr. 20 .... .. .. 100 .... .... .. 
Red-breasted Merganser 
(Mergus serrator) ..... .. ..... Mar. 18 Apr. 11 ...... ... ... Apr. 11 . ..... .. Apr. 20 60 70 
Sharp-shinned Hawk 
(Accipiter velox velox) .. ..... •.• :j: • •. Apr. 15 ... .... ... .. 
···· ··· ··· ·· 
... ..... . ... .... .. ...... .. ... ....... 
Cooper's Hawk 
(Accipiter cooperi) ...... ..... ... :j: . • . Apr. 15 ..... .. ..... .. ..... ..... . ...... . . ...... . ....... .. . . ........ . 
Eastern Red-tailed Hawk 
(Buteo borea.lis borealis) ... ... Mar. 23 Mar. 28 .. ... ....... . ........ ... Nesting Nesting 20 10 
Marsh Hawk 
(Circus hudsonius) 
··· ····· ··· 
Mar. 22 Mar. 30 Apr. 10 Apr. 5 Nesting Nesting 200 100 
Osprey (Pandion 
haliaetus ca.rolinensis) ........ Apr. 30 ... t .. . .. ....... ... .. ... ....... May 2 ........ 2 . .. ...... . 
Duck Hawk 
(Falco peregrinus anatum) .... Apr. 13 . .. t ... ............ . ... ........ May 3 ........ 3 
······· ··· 
Western Pigeon Hawk 
(Falco columbarius bendirei) .. Mar. 23 ... t ... only 1 seen ...... ...... 
······· · 
. ....... 1 . .... .... . 
Earstern Sparrow Hawk 
(Falco sparverius sparverius) Apr. 6 Apr. 1 ............ ... ....... .. Nesting Nesting 500 . ......... 
Greater Prairie Chicken Apr. 15 
(Tympanuchus cu.pido Winter- Winter- 13 ind. seen 
americanus) .................. ing § ing Mar . 20 . .. ......... Apr. 6 Apr. 15 4,000 once 
§ Birds present all winter-first arrivals not evident. 
TABLE 3. (Continued) 
-
Date F irst Seen Main Flight Date Last Seen Number Seen 
Species 1934 1938 1934 1938 1934 1938 1934 1938 
Virginia Rail 
(Rallus limicola limicola) ..... •.• :j: • .. May 6 .... .. ... ... May 6 . .... ... Nesting . ......... 1,500 
Sora 
(Porzana carolina) .. .. ....... . •• . :j: • .. Apr. 26 .... .. ... .. . May 6 ... ..... Nesting . ...... ... 1,000 
Forida Gallinule (Gal!inula 
chloropus cachinnans) 
········ 
. . . :j: . .. Apr. 26 ..... ....... .. May 16 .. ...... Nesting . .... ..... 1,500 
American Coot (Fulica 
americana americana) ..... ... . Mar. 20 Mar. 14 Apr 23-25 Apr. 24 Nesting Nesting 30,000 50,000 
Piping Plover 
(Charadrius melodus) ..... ... . May 3 ••. :j: ••• May 3-19 
····· ··· ···· 
May 19 ... ..... 11 . ......... 
Semipalmated Plover 
(Charadrius semipalmatus) .. .. May 2 •. • :j: • • • May 14 .... .. . .. .. .. . June 5 
··· ·· ··· 
200 . .. ..... .. 
Killdeer (Oxyechus 
vociferus vociferus) ... ........ Mar. 16 Mar. 23 April Mar. 25-Apr. 15 Nesting Nesting 500 500 
American Golden Plover 
(Piuv ialis dominica dominica) May 7 • . . :j: . • • May 7 ...... ... ... May 28 . .... ... 14 . .. .. ... .. 
Black-bellied Plover 
(Squatarola squatarola) ....... Apr. 27 • . . :j: . .. May 28 . ... ....... . June 1 ..... .. . 41 . .. ..... .. 
Ruddy Turnstone 
(Arenaria interpres morinella) May 11 ... :j: •. • May 22 ............ June 2 
·· ····· · 
52 ... ....... 
Wilson's Snipe 
(Capella delicata) ............. Apr. 22 Mar. 26 Apr. 24-May 2 Apr. 22-May 2 May 16 May 10 500 400 
Upland Plover 
(Bartramia langicauda) ....... May 5 Apr. 22 May 11 · May 5 Nesting Nesting 35 75 
Spotted Sandpiper 
( Actitis niacularia) ........... May 1 Apr. 26 May 22 May 12 Nesting Nesting 75 200 
Eastern Solitary Sandpiper 
(Tringa solitaria solitaria) .... . May 21 • . . :j: ..• May 22 . ....... ... . June 1 . ..... .. 40 
·········· 
TABLE 3. (Continued) 
Date First Seen Main Flight Date Last Seen Nwnber Seen 
-
Species 1934 1938 1934 1938 1934 1938 1934 1938 
Western Willet (Catoptrophorus 
semipalmatus inornatus) ...... May 1 May 17 May 7-11 1 indiv. seen May 16 May 17 6 1 
Greater Yellow-legs 
(Totanus melanoleu.cus) .... .. Apr. 6 Apr. 10 Apr. 18-28 Apr. 26 May 5 May 10 150 175 
Lesser Yellow-legs 
(Tota nus fia11ipes) ...... ..... . Apr. 8 Apr. 22 Apr. 28 Apr. 26 June 3 May 17 300 500 
American Knot 
(Calidris canu.tus rufu.s) .. ..... May 21 . . . :j: ... 1 flock of 14 seen ......... ... ....... . .... ... . 14 . ....... .. 
Pectoral Sandpiper 
(Pisobia melanotos) ........... Apr. 2 •.. :j: ... May 21 ............ June 2 ........ 800 . ......... 
White-rumped Sandpiper 
( Pisobia fu.scicollis) ........ ... May 12 . .. :j: .. • May 22 . .. ....... .. June 3 ... ..... 400 . ......... 
- ---
Baird's Sandpiper 
(Pisobia bairdi) ........ ....... May 10 •.. :j: . •. May 14 ...... ..... . May 23 . ....... 250 . ...... .. . 
Least Sandpiper 
( Pisobia min u.tilla) 
··········· · 
Apr. 19 •. . :j: •.. May 21 
······ ·· ·· ·· 
June 1 .... .... 500 ....... ... 
Red-backed Sandpiper 
(Pelidna alpina sakhalina) .... May 7 ••. :j: . •. May 22-24 . ........... June 7 . .... ... 1,000 . ......... 
Dowitcher 
(Limnodromus griseus) ....... May 10 ... :j: ... May 14 ............ May 22 . ... .... 133 . ...... ... 
Stilt Sandpiper 
(Micropalama himantopus) .... May 7 •.. :j: ..• May 24 ............ June 7 ........ 300 . ... .. ... . 
Semipalmated Sandpiper 
(Ereunetes pusillu.s) .......... May 3 .•. :j: ... May 15 ............ June 3 ........ 1,000 . ........ . 
Western Sandpiper 3 were seen 
(Ereunetes mau.rii) ..... ...... May 22 •.. :j: ... on this date ............ ........ ........ 3 . ........ . 
TABLE 3 (Continued) 
Date First Seen Main Flight Date Last Seen Number Seen 
Species 1934 I 1938 1934 1938 1934 1938 1934 1938 
-
Marbled Godwit 
(Limosa fedoa) ............... Apr. 28 ... :j: . .• May 14 
············ 
June 2 ........ 41 .......... 
Hudsonian Godwit 
(Limosa haemastica) .......... 
Sanderling 
Apr. 13 ... :j: .•. May 13-14 ............ May 26 ........ 81 
·········· 
(Crocethis alba) .............. May 5 ... :j: ... May 23 ............ June 5 . ....... 28 . ......... 
Avocet 
(Recurvirosti-a americana) .... May 13 ... :j: ..• 
······ ······ 
............ June 28 . ....... 2 . ......... 
Wilson's Phalarope 
( Steganopus tricolor) ......... Apr. 22 May 6 May 15 May 10 May 24 May 25 144 150 
Northern Phalarope 
(Lobipes lobatus) ..... .... .... May 11 ... :j: ... May 21 ............ May 29 
········ 
250 
······ ···· 
Parasitic Jaeger 
(Stercorarius parasiticus) ..... May 28 4-... , ... ............ ............ . ....... . ....... 1 . ......... 
Herring Gull (Larus 
argentatus smithsonianus) .... Mar. 15 Mar. 21 Apr. 14 Apr. 15 May 10 May 9 1,000 1,000 
Ring-billed Gull 
Mar. 16 1 Mar. 21 (Lariis delawarensis) ......... Apr. 17 Apr. 15 May 8 May 9 600 500 
Franklin's Gull I Apr. 15 (Larus pipixcan) ............. Apr. il Apr. 21-25 May 9 May 12 June 4 60,000 150,000 
Bonaparte's Gull I Apr. 15 (Larus philadelphia) 
·········· 
Apr. 13 Apr. 22 Apr. 28 May 10 May 26 40,000 75,000 
Forster's Tern ! 
( Sterna forsteri) ... ....... .... Apr. 18 Apr. 15 May 1-10 May 1 Nesting Nesting 1,500 2,000 
Black Tern I Apr. 20 I (Chlidcniias nigra surinamen.sis) May 12 May 15-20 May 10 Nesting Nesting 3,000 3,500 
TABLE 3 (Continued) 
Date First Seen Main Flight Date Last Seen 
Species 1934 1938 1934 1938 1934 1938 
Short-eared Owl 
( Asio flammeus flamm eus) .... Mar. 19 Mar. 21 
············ 
.. ......... . Nesting Nesting 
Eastern Belted Kingfisher 
(Megaceryle alcyon alcyon) ... Apr. 5 Apr. 18 .. ...... .... . ...... ... .. Nesting . ....... 
Bank Swallow 
(Riparia riparia riparia) .. .. • • • :j: • •• Apr. 28 . ... ..... ... Apr. 30 . ...... . Nesting 
Northern Cliff Swallow (Pet-
rochelidon albifrons albi frons) • • • :j: • • • Apr. 21 ....... .... . Apr. 21 ..... ... Apr. 28 
Purple Martin 
(Progne subis subis) .... ...... ... :j: ... Mar . 24 . ... ... ..... Apr. 15 
····· ·· · 
Nesting 
Northern Bue Jay 
(Cyanocitta cristata cristata) .. .. . :j: . .. Apr. 30 . .... ....... Apr. 30 . ... .... Nesting 
Short-billed Marsh Wren 
( Cistothorus stellaris) ........ :j: ... May 2 . ........ ... May 15 .. ...... Nesting 
Eastern Bluebird 
( Sialia sialis sialis) .. ...... ... . Mar. 17 Mar . 30 . .... .. ... .. Apr. 15 Nesting Nesting 
Yellow-headed Blackbird 
.... ...... ..... .... .... ........ Apr. 8 Mar . 22 Apr. 10-20 Apr. 15 Nesting Nesting 
Red-wing 
(Agelaius phoeniceus) .... .. .. Mar. 19 Mar. 21 Apr. 13 Apr 7 Nesting Nesting 
Rusty Blackbird 
(Euphagus carolinus) .. .... ... Mar. 21 Mar. 21 .. .......... Apr. 15 ........ . .. ... .. 
Brewer's Blackbird 
(Euphagus cyanocephalus) .. .. • • . :j: ... Mar .21 ............ Apr. 7 ........ . ....... 
Bronzed Grackle 
( Quiscalus quiscula aeneus) ... Mar. 21 Mar. 21 ............ Apr. 7 Nesting Nesting 
Note: Birds for which the data are incomplete either were not observed or have not been identified. 
Number Seen 
1934 1938 
20 . ....... .. 
300 250 
. ... ...... 1,200 
········· · 
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gives a comparison of the temperature and the precipitation with their 
variations from the average for the state of Iowa, and Clay and Palo Alto 
Counties, for the period March-June, in 1934, with that in 1938. The last 
two columns give the temperature difference in degrees Fahrenheit and 
the precipitation difference in inches of rainfall between the two years 
by monthly periods. 
The average temperature for the state and Clay County for March, 
1938, was 9.3 and 7.4 degrees (F.), respectively, above the temperature 
for the same month in 1934 (table 2). May, 1938, was 10.1 and 13.4 de-
grees cooler for the state and Clay County, respectively, than for the 
same month in 1934. The precipitation for the months March-May, 1938, 
was higher than for the corresponding months in 1934, for Clay and Palo 
Alto Counties and the entire state. The state as a whole received 9.46 
inches and Clay County 5 inches more rain for the months March-June, 
1938, than for the corresponding months in 1934. 
In general, the four months, March-June, 1938, were unusually wet 
and cool with above normal rainfall for the entire period, while the 1934 
migration season had temperature high above normal and rainfall below 
normal during the entire period. 
A factor which might have had a bearing upon the lengths of time 
that the migrants remained in the area in 1938, but not upon the date of 
first arrival or the height of the migration, was the greater abundance of 
water in many of the potholes and other shallow feeding areas of the 
waterfowl. This increase of water probably acted as an incentive to the 
ducks to remain longer in the Ruthven area by offering more food and 
protection. Another factor, probably causing the birds to remain longer 
in the area in 1938, was the abnormally cool weather for the months of 
May and June. The temperature for these same two months of 1934 was 
far above average, and was combined with a general drought. 
SUMMARY 
1. Spring bird migration into Clay and Palo Alto Counties, Iowa, 
started approximately March 20, 1934 and 1938. 
2. Five of the duck species arrived in the Ruthven area one to two 
weeks earlier in 1938 than in 1934, and the four geese species arrived two 
to 10 days earlier in 1938 than in 1934. 
3. The total number of migrating geese and the number of migrating 
Redhead, Ruddy Duck, Blue-winged Teal, Shoveller, Lesser Scaup Duck, 
and Buffle-head in 1938 was greater than in 1934, whereas, the number of 
migrating Common Mallard, Gadwall, and American Pintail in 1938 de-
creased from their 1934 numbers. 
4. The American Egret and the White Pelican, both rare birds in 
northwest Iowa, were observed in the Ruthven area in 1938. 
5. Shore birds were fewer in 1938 than in 1934 for the water levels 
were higher and consequently there were fewer open shore lines for the 
shore birds. 
6. Clay and Palo Alto Counties, March-June, 1938, received more 
rainfall than in the corresponding months, 1934. 
7. The temperature at the Ruthven area was above average at the 
time of arrival of the first migrants in that area, but cooled off to below 
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normal temperature in May and June, 1938, whereas, temperatures far 
above average were recorded throughout the whole length of the migra-
tion season in 1934. 
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THE CICINDELIDAE OF IOWA (COLEOPTERA) 
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The Cicindelidae, or "tiger beetles," of Iowa present an attractive and 
interesting group of Coleoptera to the amateur collector or the student of 
ecology, but a challenge to the taxonomist. The collector finds sport in the 
capture of specimens and is pleased by the ease and certainty with which 
they may be preserved in all their beautiful colors. Students of ecology 
have discovered that the plastic nature of color and markings of certain 
Cicindela furnish peculiarly appropriate material for the study of varia-
tions induced by climatic and physical factors. The taxonomist confronted 
with the problem of naming members of this variable group must discard 
pervious conceptions of the "fixity of species" and broaden the classifica-
tion to include every step of gradation in the transition of one form to 
another. 
The fully established fact that color variation in this genus is so 
extensive that one can scarcely discern at which point parent stocks begin 
and end has made definite conclusions regarding some few species imprac-
tical or almost impossible. The genitalia characters frequently used to de-
termine species among other groups are of little value when applied to 
Cicindela. Considerable time was spent studying the habits of these 
insects; and the author's conclusions are based upon observations made 
and data collected. 
The present study is limited to the genera Tetracha and Cicindela, in 
the former genus there has been only one species collected, the latter 
contributing a total of twenty species and nine varieties, including six 
species whose probable occurrence in Iowa is indicated by distribution 
records. 
The number of species of the two genera found in Iowa compares fav-
orably with published records of Minnesota tiger beetles by Dawson 
(1928) and the Indiana species reported by Montgomery (1930). It is 
difficult in some instances to refrain from including a few additional 
species whose records indicate that the distribution almost of necessity 
must place them within the state. 
A majority of the species are confined to peculiar geological or soil 
formations and consequently their occurrence is limited. The forms that 
are confined to sandy or clay soils must be collected in such special en-
vironments as provide these soil types. Trips have been made to various 
parts of the state throughout the past two years with special reference to 
these peculiar types of soil in which the forms must be expected to exist. 
1 The author is deeply indebted to Dr. H. H. Knight, under whose direction the 
work has been carried on, and without whose counsel and suggestions this problem 
would have been quite impossible; to Dr. Carl J. Drake for encouragement and advice; 
to Professor H. E. Jaques for the splendid cooperation in placing the Iowa Insect 
Survey collection at his complete disposal from which 110 new records were secured; 
and to Professor Myron H. Swenk for permission to study Iowa records and specimens 
in the University of Nebraska collection. 
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All members of the family are entirely predacious, quite aggressive 
in character toward small or defenseless insects, thereby earning the name 
tiger beetle. This inference is highly complimentary because adults 
readily lose their tiger-like attitude if the intended victim exhibits cour-
ageous resistance. The situations inhabited by both adults and larvae 
render their predations of little economic value but the interest long 
centered upon this group encourages continued study. 
It is hoped that this paper will aid the student to classify species of 
Cicindelidae collected in. Iowa and promote interest in obtaining further 
distribution records. · 
lilSTORICAL REVIEW 
The study of the genus Cicindela and its representatives in Iowa has 
been rendered exceedingly difficult because of the inadequate keys and 
many inaccurate determinations found in the collections which the author 
has had an opportunity to examine. The species have been found most 
difficult to separate, and constant study has resulted in innumerable shift-
ings of material and names. One can immediately infer such a condition 
from the multitude of species and varieties which have been described by 
systematists, and relegated to synonymy or insignificance by workers in 
the last two decades. Horn (1930) verified the inevitable synonymy of a 
large percentage of Casey's work which had been suspected for some time. 
In the list of Iowa Coleoptera by Wickham (1911) the Cicindela num-
ber fourteen species and seven varieties. Casey (1909) described C. 
levettei from Iowa material, and (1913) cuprascens subsp. mercurialis 
from one male specimen. Leng (1920) places levettei as a variety of sex-
guttata Fabr. The author considers levettei as a synonym, and for pur-
poses of keying, raises tridens Csy. to varietal rank. In the case of 
cuprascens subsp. mercurialis the author agrees with Horn (1930) in 
placing this as a synonym of cuprascens var. macra Lee. Thus the pub-
lished records of Iowa species other than those published by Wickham 
have been relegated to oblivion. King (1914) published some Cicindelidae 
records for Henry County, but Professor Jaques has not felt free to verify 
these in view of the absence of corroborating evidence. 
Family Cicindelidae 
Key to Genera 
1. Third joint of maxillary palpi elongate, longer than the fourth or 
terminal joint ........................................... ..................................... Tetracha 
Third joint of maxillary palpi shorter than, or equal to the fourth 
joint ............................................................ .................................... Cicindela 
Genus TETRACHA Hope 
1838 Hope, The Coleopterist's Manual, vol. 2, p 6. 
Large metallic green species; third joint of maxillary palpi elongate, 
longer than the fourth or terminal joint; appendages usually lighter 
colored than ventral body surface; prothorax broader than long, wider 
anteriorly than the head, glabrous; head large, glabrous, except for a few 
orbital bristles; eyes circular; labrum short. Elytra deeply punctate, sub-
parallel, slightly convex. 
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Three basal joints of anterior tarsi of male dilated, pubescent beneath. 
Anterior tarsi of female simple. 
Members of this group are nocturnal, hiding by day, hunting at night. 
KEY TO SPECIES 
1. Color dark green or brownish green, elytra without markings; 
appendages dark brown .................................................................. virginica 
Color light golden or brassy green, elytra with large, luteous apical 
lunules; appendages testaceous ........................................................ carolina 
TETRACHA VIRGINICA Linn. 
1776 Cicindela virginica Linnaeus, Systema Naturae, ed. 12, vol. 1, p 657. 
1778 Cicindela virginata Linnaeus, Systema Naturae, ed.13, vol.1, p 1922. 
1920 Tetracha virginica Leng, Cat. Coleop. Amer., p 40. 
1930 Megacephala (Tetracha) virginea Horn, Trans. Amer. Ent. Soc., vol. 
56, p 79. 
Length 17 to 22 mm. Head and thorax dark metallic green; elytra 
dark brownish black with a broad, green, marginal band; antennae, mouth 
parts, legs and caudal abdominal segment ferrugineous. Elytra coarsely 
and deeply punctate, supporting a few feeble setae; body glabrous below, 
only a few short bristles present on the appendages. Prothorax prominent, 
broader than long, widest at anterior end. Head smooth, narrower than 
the anterior part of the thorax; eyes small and round. 
This large, somewhat clumsy appearing beetle is found in southern 
Iowa. Entirely nocturnal in habit, it is seldom collected except at artifical 
lights. During the day it hides under stones and logs in rather open damp 
places usually along the banks of water courses, often frequenting ex-
tremely muddy places, sometimes hiding in the cracks of sunbaked clay. 
It has been observed on the sidewalks in the cities of Ottumwa and Bur-
lington leisurely hunting prey in the deeper shadows close to bright 
patches of illumination. 
Apparently the life history is not known. The adults are found 
throughout July, August and occasionally in early September. 
County records: Appanoose, VIII, 1930 (Ware), VIII, IX, 1930 
(Russell); Davis, VII, 1933 (Travis); Decatur, VII, 1931 (Loudon); Des 
Moines, VIII, 1926 (H. M. Harris), VIII, 1932 (Moore), VII, (Dodds); 
Henry, VI, 1934 (Millspaugh), July and August, frequent; Jefferson, VII, 
22, 1935; Lee, IX, 1916 (Jaques); Monroe, VIII, 1932 (Barker), VII, 1933 
(Dodds); Scott, LeClaire, (Rolfs); Story, Ames (very old labels without 
year date); Van Buren, VIII, IX, 1930 (Rambo); Wapello, VII, VIII, 1932 
(Moore) , VII, 1936 (Eckhoff) . 
Genus CICINDELA Linn. 
1758 Linnaeus, Systema Naturae, ed. 10, vol. 1, p 407. 
Third joint of maxillary palpi shorter than, or equal to, the fourth or 
terminal joint. Eyes prominent, oval; form usually slender; elytra convex 
and subparallel at the sides; legs long and slender. Minor structural differ-
ences such as punctation, pubescence, formation of elytral outline, labium, 
thorax, variance of color and markings present characters useful in separ-
ating the species. 
The male sex can be distinguished by the three basal joints of 
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anterior tarsi dilated and densely pilose beneath, and the sixth ventral 
segment broadly emarginate. 
Female tarsi are slender; last ventral segment longer, slightly com-
pressed at sides with a longitudinal impression on the posterior half and 
a stronger elytral emargination in species exhibiting that character. 
A majority of the species live in sunny places, on sandy roads and 
fiends, clay ravines, lake shores, river banks and mud flats. The adults 
are very active; they run or hide with great facility and take wing upon 
slight provocation. 
The larvae occur in the same local habitat as the adult beetles. For the 
most part they dig essentially perpendicular burrows in which they live 
and secure their food by waiting at the mouth of the burrow until some 
unsuspecting insect pedestrian happens by, whereupon it is suddenly 
seized, dragged into the burrow and devoured. The larva is protected by 
the armor on top of the flattened head and thorax. A pair of strong hooks 
situated on the dorsal surface of the fifth abdominal segment enables it to 
maintain a strategic position at the mouth of the burrow without much 
danger of being ignobly dislodged by some large victim. 
KEY TO IOWA CICINDELA 
The key includes species that have been available for examination of 
both Iowa specimens and those collected near the borders of the state. 
Three species with quite variable characters have been keyed out in more 
than one place. The term marking is applied to the unpigmented white 
pattern present on the elytra. Complete markings indicate a pattern with 
an entire humeral lunule, marginal band, middle band and entire apical 
lunule (figured in Plate I). 
1. Humeral angles of elytra distinct, angulate ............................................ 3 
Elytra narrowed at base, humeral angles rounded .............................. 2 
2. Elytra thinly covered with pale, decumbent hairs; legs greenish or 
bronzed .............................................................................................. celeripes 
Elytra bare; legs testaceous .......................................................... cursitans 
3. Abdomen not red ........................................ .................. .............................. 4 
Abdomen red ................ ................................................................ rufiventris 
4. Thoracic pubescence erect or lacking ...................................................... 5 
Thoracic pubescence decumbent .. : ............................................. .............. 29 
5. Labrum normal, width at least 2 times the length ................................ 7 
Labrum elongate, width less than 2 times the length .......................... 6 
6. Body sparsely pubescent beneath; front with a distinct depression 
or excavation between the eyes ................................................ longilabris 
Body glabrous beneath; front normal .................................... unipunctata 
7. Labrum distinctly tridentate (rarely with only 2 teeth) .................... 8 
Labrum unidentate or not dentate at all .................... ........ .................... 25 
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8. Front bare; orbital bristles scarce, weak ................................................ 9 
Front pubescent or with strong prominent orbital bristles* .............. 13 
9. Color green, bluish, or violaceous ............................................................ 10 
Color opaque mossy brown ...................................................... unipunctata 
10. Color green, often with bluish or purplish tints .................................... 11 
Color deep purple, no greenish tint ................ sexguttata var. violaceae 
11. Body scantily haired or glabrous beneath; elytra without middle 
band .. ............................................ .................................................................. 12 
Body hairy beneath; elytra with middle band or more than 8 
dots ...................................................................................................... patruela 
12. Elytra with 6 or 8 distinct spots ................................. ............... sexguttata 
Elytra immaculate or with not more than 4 spots .......................... .. 
.................................................................................... sexguttata var. tridens 
13. Markings complete, all connected by the marginal line ...................... 14 
Markings not entirely connected by the marginal line ........................ 16 
(rarely confluent in scutellaris var. lecontei which lacks the middle 
band) 
14. Length more than 14.5 mm., form robust ................................................ 15 
Length less than 14.5 mm.; form slender, elytra granulate, not 
punctate; humeral lunule obliquely elongated ................................ lengi 
15. Elytra impunctate or with few punctures; thorax cupreous, usually 
bare dorsally. Middle band nearly transverse ............................ formosa 
Elytra densely punctate with shallow green or blue punctures, 
middle band deflexed, often hooked at tip .......... formosa var. generosa 
16. Humeral lunule complete, obliquely elongated, terminating closer 
to the suture than the margin .................................................................... 17 
Humeral lunule incomplete (shortened), represented by small 
spots or entirely absent .............................................................................. 18 
17. Color above brilliant to blackish red; elytra strongly and coarsely 
punctured ............................................................................................ fulgida 
Color above greenish brown to very dark brown; elytra moderately 
punctate with blue punctures .............................................. tranquebarica 
18. Elytra granulate punctate or granulate ........................ .......................... 19 
Elytra impunctate or very feebly punctate; color above cupreous 
red to greenish bronze .......................................... scutellaris var. lecontei 
19. Head, thorax and elytra of the same color dorsally .............................. 20 
Head and thorax blue or green; elytra red or cupreous ...................... 24 
• Female scutellaris var. lecontei may lack frontal pubescence except for orbital 
bristles. 
DEAN E. ECKHOFF 207 
20. Basic color above wine red to cupreous red ............................................ 21 
Basic color above without any red ............................................................ 23 
21. Middle band transverse at base and sinuately prolonged, or, rarely 
a short transverse bar ................................................................................ 22 
Middle band oblique, short .......................................................... purpurea 
22. Middle band long, sinuate; other markings represented by 
dots ...................................................................................................... limbalis 
Middle band short, transverse; other marks indistinct or 
absent ...................................................................... limbalis var. transversa 
23. Color above dull greenish; thorax and elytra often tinged cupreous 
or bronze; middle band oblique, short ............ purpurea var. auduboni 
Color above black ................................................ purpurea var. nigerrima 
24. Markings reduced to an apical dot, often a short, transverse, 
narrow middle band ..................................................................... . splendida 
Markings nearly complete; middle band long and sinuate ............... . 
........................................................................ splendida var. cyanocephalata 
25. Markings reduced to dots or broken lines .............................................. 26 
Markings apparently complete ................................................................ 27 
26. Form slender; each elytron with a row of large blue fovae near the 
suture; markiqgs minute or absent .......................................... punctulata 
Form broad; elytral fovae not in a distinct row; markings broken 
into 12 or 14 dots (rarely only 10) ................ .............. .. duodecimguttata 
27. Color above brown to greenish brown; marginal line present on 
elytra .............................................................................................................. 28 
Color above brilliant to blackish red; marginal line absent ........ fulgida 
28. Humeral lunule (-shaped; cheek with a few short, stiff hairs .... repanda 
Humeral lunule C-shaped with lower hook obliquely extended; 
cheek bare ........................................................................................ hirticollis 
29. Elytra dark with white markings ............................................................ 30 
Elytra predominantely white ............................................................ lepida 
30. Markings complete; cheek pubescent ...................................................... 31 
Markings absent or minute; color blackish; cheek bare ...... punctulata 
31. Color shining cupreous to green; elytra strongly and coarsely 
punctured, emarginate, forming an acute, prominent subapical 
tooth in the female, apex broadly rounded, truncate; male with 
feeble elytral emargination, apex rounded ............................ cuprascens 
Color dull greenish or cupreous brown; elytra finely punctured, 
emarginate, forming an obtuse subapical tooth in the female; apex 
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of elytra in both male and female slightly prolonged, converging 
into the sutural spine ............ ..... ... ............. ............. cuprascens var. macra 
CICINDELA FORMOSA var. GENEROSA Dej. 
1831 Cicindela formosa var. generosa Dejean, Species gen. des. Coleop. 
coll. Dejean, vol. 5, p 231. 
1834 Cicindela formosa var. latecincta Gould, Boston Jour. Nat. Hist., vol. 
1, p42. 
1920 Cicindela formosa var. generosa Leng, Cat. Coleop. Amer., p 40. 
1925 Cicindela formosa var. fietcheri Criddle, Can. Ent., vol. 57, p 127. 
1930 Cicindela formosa race generosa Horn, Trans. Amer. Ent. Soc., vol. 
56, p 79. 
Length 14.5 mm. to 16 mm. Color above variable from dull red to 
brown with purplish tints, occasionally to greenish black; beneath metallic 
greenish blue. Elytra thickly punctate with shallow green impressions 
which tend to become indistinct in many of the western specimens such 
as those collected at Council Bluffs and Onawa, Iowa. Markings complete, 
connected by the marginal band, middle band sinuate, obtusely bent 
toward the apical lunule to terminate with a more or less hooked tip near 
the median suture. Pubescence erect, prominent on front, thoracic pleura, 
appendages and abdomen. 
Distinguish from formosa by duller or darker brown, increased elytral 
punctation, deflexed middle band and more pubescent pronotal surface. 
This distinct variation of formosa is largely limited to a warm, humid 
climate. It is common and easily recognized throughout most of Iowa. 
Near the western border, normally a more arid climate, specimens are 
lighter red in color, often slightly shining above; elytral punctures are less 
prominent and markings shortened. 
Var. generosa is a sand inhabiting form, varying its preference greatly 
from high, dry dunes far removed from water to bars near rivers or creeks 
where the surface sand is scarcely dry. 
Life cycle recorded by Shelford (1908) : The eggs are laid during May 
and June in fresh sand. Larvae appear about July first to develop into 
the third stage by October first, hibernate and reappear in the spring. In 
the latter part of June and early July an oblique side cavity is directed 
from the burrow, about six or eight inches below the soil surface, to 
receive the prepupal stage. The imago emerges during late August or 
early September. The majority remain over winter in the pupal chamber 
while a few that come to the surface in September go into hibernation 
early in October. Larval life occupies twelve to thirteen months, adult 
life about ten months. Two years are required for one generation. 
County records: Black Hawk, Boone, Bremer, Butler, Clinton, Dela-
ware, Des Moines, Fayette, Hancock, Henry, Jackson, Jefferson, Linn, 
Louisa, Marion, Monona, Scott, Sioux, Story, Van Buren. 
In addition to the above records Wickham (1911) records this species 
from Buchanan, Howard, Johnson and Pottawattamie Counties. 
CICINDELA LENG! W. Horn 
1848 Cicindela venusta LeConte, Ann. Lye. Nat. Hist. N. Y., vol. 4, p 179. 
(Name preoccupied.) 
1908 Cicindela lengi W. Horn, Duetsche Ent. Zeit., p 738. 
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1913 Cicindela venusta subsp. versuta Casey, Memoirs Coleop., vol. 4, 
p 24. 
1913 Cicindela venusta subsp. gracilenta Casey, Memoris Coleop., vol. 4, 
p 25. 
1920 Cicindela lengi Leng, Cat. Coleop. Amer., p 40. 
Length 13 to 14.5 mm. Form slender. Color above, dull to brassy 
red; beneath, metallic green. Elytra granulate, feebly or not at all punc-
tate; markings composed of a slightly enlarged and obliquely elongate 
humeral lunule, a sinuately deflexed middle band and complete apical 
lunule, all connected by the marginal band. Pubescence of front and 
prothorax prominent; ventral parts densely pilose. 
In Nebraska lengi, formosa and var. generosa have been observed by 
the author, inhabiting the same sand hill, feeding among the sparse vegeta-
tion or in clear areas. Lengi immediately attracted attention to itself by 
the peculiar habit or raising the anterior part of the body when alarmed, 
apparently seeking a clearer view because this exercise was not included 
with normal activity and none were ovipositing. 
Living in the sandy soil or pure sand of semi-arid localities, only a 
small portion of Iowa presents suitable habitat for lengi; however, it has 
been taken in Pottawattamie County by R. H. Wolcott. 
The adults are abundant during May and early June, only a few occur 
in the fall. 
County records: Pottawattamie, X, 14, 1907 (Wolcott). Nebr. Coll. 
CICINDELA PURPUREA var. AUDUBON! Lee. 
1845 Cicindela auduboni LeConte, Bost. Jour. Nat. Hist., vol. 5, p 207. 
1883 Cicindela purpura var. graminea Schaupp, Bull. Brooklyn Ent. 
Soc., vol. 6, p 89. 
1897 Cicindela lauta Casey, Ann. N. Y. Acad. Sci., vol. 9, p 296. 
1913 Cicindela purpurea subsp. ardelio Casey, Memoirs Coleop., vol. 4, 
p 21. 
1913 Cicindela lauta subsp. franciscana Casey, Memoirs Coleop., vol. 4, 
p 23. 
1914 Cicindela mirabilis Casey, Memoirs Coleop., vol. 5, p 358. 
1920 Cicindela purpurea var. auduboni Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela purpurea auduboni Horn, Trans. Amer. Ent. Soc., vol. 56, 
p 80. 
1932 Cicindela purpurea var. auduboni Nicolay & Weiss, Jour. N. Y. Ent. 
Soc., vol. 40, p 346. 
Length 12 to 15 mm. Color above dull green, often suffused with 
cupreous reflections. Head and thorax greenish to cupreous bronze with 
green sutures and margins. Lateral plates of thorax cupreous, sutures 
green. Ventral parts metallic green, legs usually green, although bronzed 
on a few specimens. Elytra granulate, scarcely if at all punctate; markings 
reduced to a short oblique middle band, apical and small anteapical spot. 
In some specimens the vestige of a humeral or post humeral spot is visible. 
Pubescence of moderate density prevails on the front, thorax and legs; 
abdomen is sparsely haired. 
This color variety found in Iowa is seldom confused with the true 
red purpurea although some specimens tend to retain a cupreous colora-
tion. The records of auduboni are somewhat confused. LeConte (1845) 
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assigned this name to a green variety of purpurea. Later (1856) he 
applied the same name to the black variety which was used by subsequent 
authors until Leng (1918) discovered the error and named the black 
variety nigerrima. Consequently graminea of Schaupp (1883) is reduced 
to synonymy. 
This variety prefers clay-like or loam soil of knolls, hills and uplands. 
The specimens observed by the author (April, 1934) were active on the 
small bare patches between clumps of grass on steep clay hills near 
Ansley, Nebraska. The species was also fund (October 7, 1936) on a little 
used road cutting through clay hills in Perkins County, Nebraska. The 
Iowa specimens were taken from territory closely resembling the Ne-
braska type. McCreary secured a specimen at the foot of a grassy slope 
not far from the Skunk River in Henry County. 
Life history briefly summarized by Shelford (1908) : The eggs are 
laid in May; larvae reach the last stage in August, hibernate, begin to feed 
again in April and pupate in July; the adults emerge in August, feed for 
a time, hibernate, come out in the spring to reach sexual maturity during 
April, lay eggs and die. The larval life lasts from 12 to 13 months and the 
adult 10 months. Two years are required for one generation. 
County records: Henry, V, 1928 (McCreary); Linn, (Cedar Rapids, 
Iowa). 
CICINDELA PURPUREA var. NIGERRIMA Leng 
1857 Cicindela purpurea var. auduboni LeConte, Trans. Amer. Philos. 
Soc., ser. 2, vol. 11, p 37. (Name preoccupied.) 
1918 Cicindela purpurea var. nigerrima Leng, Jour. N. Y. Ent. Soc., vol. 
26, p 139. 
1930 Cicindela purpurea nigerrima Horn, Trans. Amer. Ent. Soc., vol. 56, 
p 80. 
1932 Cicindela purpurea var. nigerrima Nicolay & Weiss, Jour. N. Y. Ent. 
Soc., vol. 40, p 347. 
Length 12 to 15 mm. Color above dull black; below slightly shining 
bluish black. Markings as in purpura and var. auduboni. Pubescence 
more conspicuous than on purpurea. 
This variety is easily distinguished by its color; however, retention 
of typical purpurea shape, markings and habit denote its close relation-
ship. Collected rarely and sporadically it may be only a mutation or 
abnormality rather than a true variety. 
The auduboni Lee. reported from northwest Iowa by Wickham (1911) 
is undoubtedly nigerrima Leng. 
Habits of nigerrima are similar to auduboni. The specimens recorded 
were taken with var. auduboni and from situations typical of purpurea. 
County records: Woodbury, (Wickham, 1911). 
CICINDELA SPLENDIDA Hentz 
1830 Cicindela splendida Hentz, Trans. Amer. Philos. Soc., ser. 2, vol. 6, 
p 254. 
1834 Cicindela discus Klug, Jahrbucher der insectenkunde, vol. 1, p 23. 
1884 Cicindela splendida Hentz, Bull. Brooklyn Ent. Soc., vol. 6, p 112 
(reprint of 1830). 
1920 Cicindela splendida Leng, Cat. Coleop . Amer., p 40. 
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1930 Cicindela purpurea race splendida Horn, Trans. Amer. Ent. Soc., 
vol. 56, p 80. 
1932 Cicindela splendida Nicolay & Weiss, Jour. N. Y. Ent. Soc., vol. 40, 
p 350. 
Length 12.5 to 15 mm. Characterized by the metallic greenish blue 
or french blue color of the head and thorax in contrast to the elytra which 
vary from dark to bright red, with a brassy sheen evident on some of the 
western specimens. The markings consist of a short, transverse, marginal 
remnant of the middle band, the apical lunule, frequently an anteapical 
spot and rarely a humeral spot. Elytra granulate, scarcely punctate. 
Front, thorax and appendages moderately pubescent. 
A few specimens taken in Iowa were collected from clay canyons in 
the northeast section inhabited by limbalis, its variety transversa and 
splendida var. cyanocephalata. Local areas may be found (Lincoln, Ne-
braska) dominated by splendida (the variety cyanocephalata most numer-
ous). However, in Iowa only a few specimens are found among many 
limbalis. 
The month of May is the most opportune period for collecting this 
species. Frequently the use of a net is prohibited by the uneven ground. 
With this species unusual success may be enjoyed by employing this 
unique method: Secure a dried sunflower stem about 8 or 10 feet long 
which has several small branches at the tip. Thus equipped walk slowly 
through the canyon or area inhabited by splendida. When one is sighted 
briskly slap the ground within a few inches of the insect, creating a con-
tinuous rattle that usually paralizes the beetle momentarily. An active 
collector can secure his specimen during the three or four seconds re-
quired for the insect to "collect its wits." However, an assistant is a 
valuable asset. 
County records: Dubuque, V, 1934 (Boughton), V, 1936 (Eckhoff). 
Wickham (1911) records this species from Pottawattamie and Scott 
Counties. 
CICINDELA SPLENDIDA var. CYANOCEPHALATA n. var. 
1911 Cicindela limbalis var. amoena Harris, N. Amer. Cicindelidae in 
Harris Coll., p. 8. (Name preoccupied.) 
1928 Cicindela purpurea subsp. splendida form cyanocephala Varas, Rev. 
Chil. Hist. Nat., vol. 32, p 239. (Name preoccupied.) 
1930 Cicindela purpurea race cyanocephala Horn, Trans. Amer. Ent. Soc., 
vol. 56, p 80. 
1931 Cicindela limbalis var. cycanocephala Leng, Second Sup. Cat. 
Coleop. Amer., p 9. 
1932 Cicindela splendida var. cyanocephala Nicolay and Weiss, Jour. 
N. Y. Ent. Soc., vol. 40, p 351. 
Length 12.5 to 15 mm. Head and thorax greenish blue or french blue; 
elytral color similar to spendida but with prominent white markings of 
the limbalis type, being composed of a sinuate middle band, anteapical and 
apical spots. Humeral and posthumeral spots usually present, although 
some specimens lack one or both. 
Specimens of this type were formerly included with splendida 
(Leng 1902) until Varas (1928) applied the name Cicindela purpurea 
subsp. splendida cyanocephala, Unfortunately cyanocephala Varas is pre-
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occupied (Cicindela cyanocephala Fabr., 1798 Fabricius, Supplementum 
Entomologiae Systema, Hafniae, p 60) which necessitates a new name. 
They occur with splendida often outnumbering the typical parent 
species. Limbalis, the variety transversa and splendida var. cyanocepha-
lata have been observed inhabiting the same canyons of clay and loam hills 
near Maquoketa Park in Jackson County. 
Specimens of limbalis mating with var. cyanocephalata have been 
taken and now repose in the Nebraska collection. 
The close relationship of the limbalis group has been suggested in 
order to clarify the scope of the varietal names rather than belittle their 
value. Some varietal names have been retained to consign specimens of 
dubious rank to their parent species rather than to establish a number of 
races. 
County records: Jackson, V, 1936 (Eckhoff). 
CICINDELA LIMBALIS Klug 
1834 Cicindela limbalis Klug, Jahrbucher der insectenkunde, p 29. 
1848 Cicindela limbalis var. amoena LeConte, Ann. Lye. Nat. Hist. N. Y., 
vol. 4, p 177. 
1857 Cicindela splendida LeConte, Trans. Amer. Philos. Soc., ser. 2, vol. 
11, p 36. (Name cited in error.) 
1913 Cicindela limbalis subsp. awemeana Casey, Memoirs Coleop., vol. 4, 
p 23. 
1913 Cicindela limbalis subsp. eldorensis Casey, Memoirs Coleop., vol. 4, 
p 23. 
1920 Cicindela limbalis Leng, Cat. Coleop. Amer., p 40. 
1928 Cicindela limbalis var. militaris Varas, Rev. Chil. Hist. Nat., vol. 32, 
p 242. 
1930 Cicindela purpurea race limbalis Horn, Trans. Amer. Ent. Soc., vol. 
56, p 80. 
Length 13 to 15 mm. Color above variable in shade and intensity. 
Iowa specimens display colors from bright red to dull reddish brown with 
cupreous to wine colored intermediates. Sutures and margins bright 
metallic green or blue. Color below metallic bluish green with cupreous 
reflections. Front thorax and appendages moderately pubescent; abdomen 
sparsely so. The elytra are granulate, feebly punctate; markings usually 
prominent, composed of humeral, posthumeral dots (sometimes reduced 
or entirely absent), apical, anteapical spots (seldom confluent to form 
complete acipal lunule) and a sinuate middle band directed transversely 
from the margin to the middle of the elytron before being defiexed at an 
obtuse angle towards the median suture. 
This species is restricted to the clayey soils constituting a large part 
of the rough, hilly land within the state. The adults are collected in steep 
gullies and small canyons defacing a treeless hillside, or frequently found 
among vegetation near the brink. The adults appear early in April, are 
most abundant during May and early June; a few stragglers occur as late 
as July. 
County records: Appanoose, Davis, Des Moines, Dickinson, Dubuque, 
Henry, Jackson, Jefferson, Johnson, Louisa, Page, Poweshiek, Scott, 
Storv, Van Buren, Wayne. 
In addition to the above records Wickham (1911) records this species 
from Cherokee, Franklin, Howard and Pottawattamie Counties. 
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CICINDELA LIMBALIS var. TRANSVERSA Leng 
1902 Cicindela purpurea var. transversa Leng, Trans. Amer. Ent. Soc., 
vol. 28, p 131. 
1911 Cicindela Zimbalis var. transversa Harris, N. Amer. Cicindelidae in 
Harris Coll., p 7. 
1920 Cicindela splendida var. transversa Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela purpurea race splendida var. transversa Horn, Trans. 
Amer. Ent. Soc., vol. 56, p 80. 
1932 Cicindela Zimbalis var. transversa Nicolay & Weiss, Jour. of N. Y. 
Ent. Soc., vol. 40, p 348. 
Length 13 to 15 mm. Form and color similar to Zimbalis but with a 
tendency toward the brighter color; head and thorax frequently exhibit a 
brassy luster. The chief differentiating character is the reduction of the 
middle band to a short transverse bar. The humeral, posthumeral and 
anteapical dots are usually less distinct than on Zimbalis, often entirely 
absent. 
This variety is a very slight departure from the parent species 
Zimbalis but is retained by Nicolay and Weiss (1932) because it represents 
an intermediate or connecting link between Zimbalis and splendida. 
County records: Jackson, V, 1936 (Eckhoff); Jefferson, V, 1931 
(Pierson); Johnson, III, (Wickham). 
CINCINDELA DUODECIMGU'ITATA Dej. 
1825 Cicindela duodecimguttata Dejean, species gen. Coleop. coll. Dejean, 
vol. 1, p 73. 
1837 Cicindela proteus Kirby, Insects in Richardson's Fauna Boreali-
Americana, vol. 4, p 9. 
1913 Cicindela bucolica Casey, Memoirs Coleop., vol. 4, p 28. 
1916 Cicindela hudsonica Casey, Memoirs Coleop., vol. 7, p 29. 
1920 Cicindela repanda edmontonensis Carr, Can. Ent., vol. 52, p 218. 
1920 Cicindela duodecimguttata Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela duodecimguttata Horn, Trans. Amer. Ent. Soc., vol. 56, 
p 80. 
Length 12 to 14 mm. Dorsum dull dark brown, head and pronotum 
faintly bronzed; color beneath dark metallic green or greenish blue, 
thoracic pleura cupreous or bronzed. Elytra densely punctate with green-
ish blue impressions; marked by humeral and posthumeral spots which 
occasionally form a complete lunule, a narrow, usually interrupted middle 
band, anteapical and apical spots which are rarely connected to form a 
complete lunule. Prothorax nearly margined, only slightly convex; pro-
notum about one millimeter broader than long, distinctly broadened and 
angulate anteriorly. Pubescence erect, usually dense on thoracic pleura 
and appendages; head, lateral borders of pronotum and venter inconspicu-
ously hairy. 
Distinguished from repanda by larger prothorax, usually reduced 
markings and darker color. 
Duodecimguttata is distributed over the entire state, but restricted to 
a special habitat. Specimens have been found only on wet loam or clay 
soil. The ideal habitat is the steep sides of gullies or ravines in which a 
small trickle of water flows over the hard, smooth clay. The species fre-
quents many of the pond, creek and lake shores which contain abundant 
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humus. The adults are numerous in May; a few occur throughout the 
summer. 
County records: Appanoose, Cerro Gordo, Davis, Des Moines, 
Dubuque, Fremont, Harrison, Henry, Jackson, Jefferson, Keokuk, Mills, 
Mitchell, Monroe, Montgomery, Page, Poweshiek, Story, Van Buren, 
Washington, Wayne. 
Wickham (1911) records this species from Howard, Johnson and Linn 
Counties. Casey (1913) records this species from Lee County. 
CICINDELA REP ANDA Dej. 
1825 Cicindela repanda Dejean, Species gen. Coleop. coll. Dejean, vol. 1, 
p 74. 
1834 Cicindela hirticollis Gould, Boston Jour. Nat. Hist., vol. 1, p 49. 
1857 Cicindela baltimorensis LeConte, Trans. Amer. Philos. Soc., ser. 2, 
vol. 11, p 43. 
1897 Cicindela unijuncta Casey, Ann. N. Y. Acad. Sci., vol. 9, p 299. 
1920 Cicindela repanda Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela duodecimguttata race repanda Horn, Trans. Amer. Ent. 
Soc., vol. 56, p 81. 
Length 10.5 to 13 mm. Dorsum light brown to greenish brown with 
greenish or cupreous bronze reflections on head and pronotum; beneath 
bright metallic green; thoracic pleura and portions of the legs cupreous 
bronze. Elytra densely punctate with shallow green or bluish impressions; 
markings complete, composed of C-shaped humeral lunule, sinuate middle 
band, distinct marginal line occasionally produced anteriorly to connect 
the humeral lunule, and a complete apical lunule. Pubescence erect, 
usually dense on thoracic pleura and appendages; moderately dense on 
front, lateral borders of pronotum and venter. 
Distinguished from duodecimguttata by complete markings, narrow 
convex prothorax and usually brighter color; from hirticollis by the 
shorter humeral lunule, setae on cheek and broadly rounded elytral apex. 
A hardy, very active species, repanda is common in the vicinity of 
nearly all damp sandy situations; abundant on the banks and and bars of 
all Iowa rivers, streams and lakes. Occasionally individuals are found 
associating with duodecimguttata but they do not flourish in that habitat. 
Somewhat gregarious, many adults have been observed, within a 
small area on the moist sandy shore of a stream, busily catching minute 
insects or chasing each other. They pass the night and cool days in short 
(one inch) oblique tunnels dug in the fine, dry sand a short distance from 
the water's edge, reappearing when warmer temperature prevails. 
County records: Appanoose, Benton, Black Hawk, Boone, Bremer, 
Buena Vista, Butler, Cass, Clarke, Clay, Clinton, Davis, Des Moines, 
Dickinson, Dubuque, Emmet, Fayette, Henry, Iowa, Jackson, Jefferson, 
Johnson, Linn, Louisa, Lyon, Madison, Mitchell, Monona, Monroe, Mont-
gomery, Page. Plymouth, Polk, Pottawattamie, Scott, Sioux, Story, Union, 
Van Buren, WapelJo, Warren, Washington, Wayne, Webster, Woodbury. 
CICINDELA HIRTICOLLIS Say 
1817 Cicindela hirticollis Say, Jour. Acad. Nat. Sci. Phila., vol. 1, p 20. 
1826 Cicindela albohirta Dejean, Species gen. Coleop. coll. Dejean, vol. 2, 
p 425. 
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1836 Cicindela unita Kollar, Ann. d. Wien. Mus., vol. 2, p 330. 
1920 Cicindela dejeani LeConte (in litt.) Leng, Cat. Coleop. Amer., p 40. 
1920 Cicindela humeralis LeConte (in litt.) Leng, Cat. Coleop. Amer., 
p 40. 
1920 Cicindela hydropica Dupuis (in litt.) Leng, Cat. Coleop. Amer., p 40. 
1920 Cicindela hirticollis Leng, Cat. Coleop. Amer., p. 40. 
1930 Cicindela hirticollis Horn, Trans. Amer. Ent. Soc., vol. 56, p 81. 
Length 13 to 15.5 mm. Dorsum brownish bronze, often with greenish 
reflections; color beneath bright green with brilliant cupreous reflections 
on thoracic pleura. Elytra densely punctate with large, bluish green im-
pressions; markings complete, prominent. Pronotum slightly convex, 
nearly quadrate, the angles rounded. Pubescence erect, sparse on the 
front and pronotal surface, dense on thoracic pleura and appendages; 
outer edges of venter moderately hairy. 
Distinguished from repanda by long slender mandibles, bare cheeks, 
larger area of pronotal pubescence, slight apical prolongation of elytra 
and characteristic projection of the humeral lunule toward the median 
suture. 
Hirticollis apparently is a strictly fluviatile species. The author has 
collected it only from the banks of the Des Moines, Iowa, Mississippi, 
Missouri and Wapsipinicon Rivers. Numerous during a period of sub-
normal water levels, the beetles frequent the silt-covered bars at the 
water's edge. The slime, mud and organic matter exposed by receding 
water is attractive to countless numbers of tiny insects and consequently 
numerous predators of which hirticollis and cuprascens var. macra con-
stitute the majority. 
Feeding hirticollis have been observed to cover forty to sixty feet of 
shoreline without straying more than a foot from the water; often wading 
through or into puddles three or four millimeters deep. 
The adults appear late in June or early July; continue in evidence 
until late August. 
County records: Clinton, VII, 1936 (Eckhoff) ; Dickinson, VI, 1932 
(Galer), VI, 1932 (Moore); Henry, VIII, 1930 (Parks); Louisa, VIII, 1936 
(H. M. Harris); Monona, VIII, 1932 (A. M. Pearson), VII, 1936 (Eckhoff); 
Scott, VII, 1936 (Eckhoff); Van Buren, VII, 1936 (Eckhoff). 
Wickham (1911) records this species from Black Hawk, Johnson and 
Pottawattamie Counties. 
CICINDELA TRANQUEBARICA Hbst. 
1806 Cicindela tranquebarica Herbst, Natursystem etc., vol. 10, p 178. 
1818 Cicindela vulgaris Say, Trans. Amer. Philos. Soc., vol. 1, p 409. 
1825 Cicindela obliquata Dejean, Species gen. Coleop. coll. Dejean, vol. 1, 
p 72. 
1910 Cicindela tranquebarica var. minor Leng, Jour. N. Y. Ent. Soc., vol. 
18, p 80. 
1911 Cicindela tranqueberica var. vulgaris-minor Harris, N. Amer. Cicin-
delidae in Harris Coll., p 18. 
1913 Cicindela crinifrons Casey, Memoirs Coleop., vol. 4, p 26. 
1914 Cicindela wichitana Casey, Memoirs Coleop., vol. 5, p 21. 
1914 Cicindela tranquebarica subsp. turbulenta Casey, Memoirs Coleop., 
vol. 5, p 25. 
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1920 Cicindela tranquebarica Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela tranquebarica Horn, Trans. Amer. Ent. Soc., vol. 56, p 81. 
Length 13 to 16 mm. Color above dark brown, occasionally greenish, 
or in some specimens opaque black; head, thorax and legs metallic cupre-
ous bronze; sutures blue or green and abdomen metallic green. Front, 
thoracic pleura and appendages conspicuously hairy. Elytra somewhat 
irregularly and coarsely punctate by shallow green or blue impressions 
with a few dispersed fovae on basal third. Distinct markings of moderate 
size include an obliquely elongate humeral lunule curving slightly forward 
toward the suture, or, produced posteriorly to approach the obtuse angle 
of the middle band, a rather narrow middle band which is only slightly if 
at all extended at the margin, nearly transverse before deflecting apically 
at an obtuse angle to terminate in a broad hook near the median suture 
and a complete apical lunule with the anterior portion inflexed. 
This species appears quite widely distributed within the state, but is 
not plentiful in any locality. Apparently the local distribution of the 
species is influenced by available soil moisture. The females select only 
situations with a fairly constant moisture supply in which to deposit eggs. 
These moisture conditions differ widely due to the large temperature 
range within the state. Although no notable color variation of tranque-
barica has been observed in Iowa the specimens exhibit considerable dif-
ferences in the type of marking, evidently brought about by temperature 
fluctuations during development. Consideration of these facts and the 
susceptibility of the species to environmental influence should halt any 
attempt to name varieties of tranquebarica on the basis of color pattern. 
Life cycle stated by Shelford (1908): The eggs are laid in May. 
Hatching in two weeks the larvae reach the last stage in August, hiber-
nate, begin to feed in April and pupate in July. The adults emerge in 
August, feed for a time, hibernate and come out in the spring, mature 
sexually during April, oviposit during May and die. 
Larval life 12 to 13 months, adult life 10 months; 2 years required to 
complete one generation . 
. County records: Boone, V, 1936 (Eckhoff); Bremer, V, 1936 (Eck-
hoff); Fremont, IV, 1932 (Clark), IV, 1935 (Janes); Lee, V, 1932 (Kagy); 
Monona, VII, 1932 (Galer); Osceola, VI, 1932 (Galer); Page, VIII, 1932 
(Loudon); Story, (1892 Exp. Sta.). · 
Wickham (1911) records this species from Johnson and Potta-
wattamie Counties. 
CICINDELA SCUTELLARIS var. LECONTE! Hald. 
1853 Cicindela scutellaris var. lecontei Haldeman, Proc. Acad. Nat. Sci. 
Phila., vol. 6, p 361. 
1920 Cicindela scutellaris var. lecontei Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela scutellaris modesta Horn, Trans. Amer. Ent. Soc., vol. 56, 
p 83. 
Length 10.5 to 13 mm. Color above typically a cupreous red; however, 
every intermediate shade to a coppery or greenish bronze is represented; 
beneath, head and thorax metallic cupreous or bronze; abdomen green 
with cupreous reflections. Elytra usually impunctate frequently with a 
row of inconspicuous fovae near the suture; occasionally a specimen 
exhibits feeble punctation. Markings, although variable, commonly con-
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sist of the posthumeral spot, triangular marginal spot and complete apical 
lunule. Frequently specimens display a complete humeral lunule becom-
ing confluent with the marginal spot; rarely do the markings form an 
intact marginal band. Frontal pubescence prominent on the male; very 
sparse on the female, sometimes only the strong orbital bristles are 
present. 
This species inhabits the dry sandy soil, flourishing in areas of pure, 
fine blow-sand supporting sparse growth of vegetation seldom visited by 
man or animal. In Story County this type of soil is negligible, but a few 
specimens have been taken from dry gravel pits and from high dry sand 
bars deposited by a stream at flood stage. Abundant numbers of lecontei 
occurred in Backbone Park (Delaware County) during May, feeding 
among sparse vegetation bordering dry, shallow, extremely sandy washes; 
very few could be found July first but they were numerous October first. 
In northwestern Clinton County (May 16, 1936) both lecontei and gen-
erosa were found frequenting a steep sandy hill partially covered with 
native grasses. 
Shelford (1908) states that the production of one generation occupies 
two years. The eggs are laid during May in dry sand containing little 
humus. The larvae reach the last stage in August or September, hiber-
nate, begin to feed again in April and pupate in July. The adults emerge 
in August or September, feed for a time, hibernate until April, reappear 
to mate and oviposit during May. The larval life occupies 12or13 months, 
adult life about 10 months. 
Apparently the extreme heat or drought of 1936 inhibited pupal de-
velopment as adults failed to appear until late September and early 
October. 
County records: Black Hawk, Boone, Bremer, Butler, Clinton, Dela-
ware, Fayette, Fremont, Henry, Lee, Linn, Louisa, Muscatine, Story. 
Wickham (1911) records this species from Buchanan, Clayton, How-
ard, Johnson and Pottawattamie Counties. 
CICINDELA SEXGU'ITATA Fabr. 
1775 Cicindela sexguttata Fabricius, Systema Entomologica, p 226. 
1799 Cicindela varians Ljungh, Vetensk. Acad. Nya. Handl., vol. 20, p 147. 
1854 Cicindela guttata Emmons, The Nat. Hist. of Agr. of N. Y., vol. 5, 
p 35. 
1903 Cicindela quadriguttata Davis, Ent. News, vol. 14, p 270. 
1909 Cicindela levettei Casey, Can. Ent., vol. 41, p 270. 
1920 Cicindela sexguttata Leng, Cat. Coleop. Amer., p 41. 
1920 Cicindela sexguttata var. levettei Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela sexguttata Horn, Trans. Amer. Ent. Soc., vol. 56, p 83. 
Length 11.5 to 14 mm. Color above commonly shining green, often 
with bluish reflections; below, metallic greenish to violaceous. Elytra 
somewhat granulate, coarsely punctate; marginal, anteapical, apical and 
frequently a discal spot constitute the markings of each elytron. Front 
glabrous, pubescence of ventral parts erect, feeble and sparse. 
Typical sexguttata is more prevalent in the southeastern part of the 
state while the variety tridens is the member most frequently collected in 
the central and northwestern territory. 
This species inhabits clear woods, usually of oak, ash and hickory 
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which constitute the majority of Iowa groves and forests. Adults were 
numerous (May 15, 1936) in the upland woods bordering a small tributary 
of the Mississippi River (Des Moines County). Here the author observed 
individuals congregated in the clear sunny spots on the banks of the 
stream at the edge of the woods. Seemingly less alert than most species 
the sudden appearance of an intruder caused hasty, disorganized retreat. 
Some individuals quietly crept into concealment under nearby rubbish 
while others after running about excitedly made a short flight, often hiding 
to elude further pursuit. None could be found outside of the woods; 
however, specimens are collected near ditches or gullies in fields and 
pastures. The author found one specimen (Johnson County, VII, 1935) 
trapped in a post hole dug in connection with a chinch bug barrier. 
In Maquoketa Park (Jackson County) on July 13, 1936, a few 
sexguttata and variety tridens were found together among the sparse 
vegetation on the banks of a small, dry, sandy stream bed. 
Life history from Shelford (1908): The eggs are laid during June or 
early July in shaded sand or clay containing humus. The majority of the 
larvae pass winter in the third stage, few in the second stage. The pupal 
stage is reached by July the following summer; however, very few 
imagoes leave the pupal chamber until spring rains soften the soil. Any 
adults emerging in the fall hibernate under logs or leaves, but do not dig 
into the earth. 
County records: Bremer, Clarke, Davis, Des Moines, Dickinson, 
Grundy, Henry, Jackson, Jefferson, Johnson, Lee, Linn, Louisa, Mahaska, 
Monroe, Muscatine, Page, Scott, Van Buren, Washington. 
CICINDELA SEXGUTI'ATA var. TRIDENS Csy. 
1909 Cicindela levettei var. tridens Casey, Can. Ent., vol. 41, p 271. 
1920 Cicindela sexguttata var. levettei Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela sexguttata tridens Horn, Trans. Amer. Ent. Soc., vol. 56, 
p 83. 
Length 11.5 to 14 mm. Color above shining green or with purplish 
reflections. Form, pubescence and elytral punctation similar to sexguttata 
from which it is distinguished only by the reduced color pattern. The 
majority of specimens are immaculate although retention of a small mar-
ginal spot frequently augmented by remnants of an apical spot is not 
uncommon. 
Among the Cicindela in the Iowa State College student collections 
sexguttata is represented only by the immaculate form, many of which 
bear incorrect determination labels. Evidently the student does not 
associate this form with a "six spotted" species. Rarely are typical 
sexguttata taken in the northwestern half of the state, therefore, the 
author has retained the varietal name tridens Csy. to promote more ac-
curate association with the true species. 
Leng (1920) graciously recognized levettei Csy. as a variety of 
sexguttata and listed tridens as synonymous to levettei. Horn (1930) 
quite correctly relegated levettei to synonymy and considered tridens 
to be a race of sexguttata. 
The author has been unable to distinguish levettei from sexguttata. 
However, tridens can be separated by the characteristic reduction of the 
markings. 
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The variety occurs throughout the state. It is decidedly outnumbered 
by true sexguttata in the southern portion but almost exclusively domin-
ates the northwestern territory. 
The adults delight in sparsely wooded areas that permit considerable 
growth of annual vegetation, where they may feed in the open sunny 
spots or rest in the adjacent shade. They exhibit the same furtive habits 
noted for sexguttata. Early spring collectors, while combing the woods 
near the Iowa State College campus for insects, occasionally find a tridens 
hibernating under a log or the loose bark of a stump or tree. Tridens was 
numerous on May 16, 1936, in company with a few sexguttata, along the 
grassy banks of a dry stream bed cutting through Maquoketa Park 
(Jackson County). The population was greatly reduced by July 13, 1936. 
Among the adult sexguttata observed in Des Moines County May 15, 1936, 
near a small stream bordered by woods, relatively few exhibited reduced 
markings; thus it seems evident some environmental factor must influence 
the deposition of elytral pigment. 
The life cycle does not differ from that of sexguttata. 
County records: Adair, Appanoose, Boone, Buchanan, Cedar, Clarke, 
Clayton, Clinton, Delaware, Des Moines, Dickinson, Harrison, Henry, 
Jackson, Jasper, Jones, Johnson, Kossuth, Louisa, Madison, Marshall, 
Page, Story, Van Buren. 
CICINDELA SEXGUTTATA var. VIOLACEAE Fabr. 
1801 Cicindela violaceae Fabricius, Systema Eleutheratorium, p 232. 
1920 Cicindela sexguttata var. violaceae Leng, Cat. Coleop. Amer., p 41. 
1929 Cicindela Kansanus Knaus, Jour. Kan. Ent. Soc., vol. 2, p 24. 
1930 Cicindela sexguttata violaceae Horn, Trans. Amer. Ent. Soc., vol. 56, 
p 83. 
Length 12 to 13.5 mm. Color of entire body, except antennae and 
mouth parts, rich, deep violet hue with no hint of greenish reflections. 
Form, pubescence and elytral punctation similar to sexguttata. The Iowa 
form is usually immaculate; however, a marginal or apical spot and 
occasionally both may be present. 
This color variation of sexguttata is only collected occasionally and to 
the author it represents a form in which physiological conditions during 
prepupal and pupal development were such that the abnormal coloration 
was produced. 
Violaceae frequents the dry channels of creeks and gullies or stream 
banks of wooded areas in company with sexguttata and variety tridens. 
County records: Story, VI, 5, 1931 (H. M. Harris) , 1 specimen 
(Ames), old label. 
Wickham (1911) records this species from Des Moines County and 
Knaus (1929) records this species from Johnson County. 
CICINDELA PUNCTULATA Oliv. 
1790 Cicindela punctulata Olivier, Entomologie, vol. 2, p 70. 
1798 Cicindela micans Fabricius, Suppl. Ent. Syst., p 61. 
1806 Cicindela obscura Melsheimer, Cat. Insects (beetles) of Penn., p 46. 
1837 Cicindela jensoni Gistel, Systema Insectorum, vol. 1, p 55. 
1909 Cicindela boulderensis Casey, Can. Ent., vol. 41, p 271. 
1916 Cicindela prolixa Casey, Memoirs Coleop., vol. 7, p 33. 
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1916 Cicindela fontinaria Casey, Memoirs Coleop., vol. 7, p 33. 
1920 Cicindela punctulata Leng, Cat: Coleop. Amer., p 41. 
1930 Cicindela punctulata Horn, Trans. Amer. Ent. Soc., vol. 56, p 84. 
Length 11 to 13 mm. Form slender; thorax more or less cylindrical; 
legs -long. Color abo_ve mostly black, often with brownish bronze reflec-
tions on the elytra; head and thorax more metallic; sutures and margins 
often greenish blue. Color below dark metallic blue, the prosternum and 
met-episterna tinged cupreous or bronze. Elytra coarsely punctate, finely 
serrulate at apex; a row of prominent green or blue fovae extend from 
the base to the apex of each elytron, flanked by a double row extending a 
short distance back of the humeral angle. Markings, other than the con-
stant apical lunule, variable; at most including an interrupted humeral 
lunule, interrupted marginal line and a middle band represented by three 
dots. Minimum markings consist of the slender apical lunule and rem-
nants of a marginal line. Pubescence short, often appearing decumbent, 
sparsely distributed on ventral parts; absent from the head. 
Punctulata having greater diversity of habits than other members of 
the family is also the most common species in Iowa. A strong flier and 
voracious feeder it occurs in a variety of situations. It has been collected 
from wet sand at the river's edge, resting in the shade of sticks, stones and 
vegetation when the heat becomes severe, or when opportunity affords, 
large numbers crawl into the cracks made by the baking of mud from 
which the water has receded. It is frequently found in fields of alfalfa, 
corn, small grains; pastures, gardens, lawns; along hard paths and dusty 
roads. Occasionally they are found in sparse woods and on dry sandy 
dunes in company with lecontei and generosa. 
Aside from feeding throughout the day, large numbers are attracted 
to lights at night. In cities (Cedar Rapids, Des Moines, Ottumwa and 
Sioux City) adults have been observed running along the sidewalks prey-
ing upon other small nocturnal insects. Some were in evidence as late as 
eight o'clock the following morning before they sought a more suitable 
hunting ground. 
Balduf (1925) observed a specimen of punctulata in the shade of tall 
corn devour nine nymphs and one adult chinch bug during a 26-minute 
period within an area six inches in diameter. 
In spite of consuming rather unsavory foods punctulata emits a pleas-
ant, fruity odor when first captured. 
The adults appear during late June, are abundant throughout July 
and August, subside ih September and disappear completely by October. 
County records: Allamakee, Audubon, Boone, Bremer, Buchanan, 
Buena Vista, Calhoun, Cass, Cerro Gordo, Cherokee, Chickasaw, Clarke, 
Clay, Clayton, Clinton, Dallis, Davis, Decatur, Delaware, Des Moines, 
Dickinson, Harrison, Henry, Iowa, Jackson, Jasper, Jefferson, Johnson, 
Lee, Linn, Louisa, Madison, Mahaska, Mills, Monona, Muscatine, O'Brien, 
Osceola, Page, Plymouth, Polk, Scott, Sioux, Story, Union, Van Buren, 
Wapello, Webster, Woodbury, Wright. 
CICINDELA CELERIPES Lee. 
1848 Cicindela celeripes LeConte, Ann. Lye. Nat. Hist. N. Y., vol. 4, p 183. 
1920 Cicindela celeripes Leng, Cat. Coleop. Amer., p 42. 
Length 7 to 9 mm. Color brownish bronze above, head and prothorax 
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greenish bronze; ventral surface greenish or brown, trochanters and palpi 
pale, legs greenish. Elytra reduced at the base, forming rounded, indis-
tinct humeral angles; coarsely punctate with green punctures and sparsely 
clothed with short decumbent hairs. Each elytron rounded at the apex and 
bearing a prominent sutural spine. The markings are variable, generally 
represented by a posthumeral and discal dot in addition to a marginal 
line and complete apical lunule; however, they may be reduced to mar-
ginal and apical dots. 
The species was collected by Wickham in 1898 among scattered grass 
clumps on the prairie bluffs near Council Bluffs, Iowa, and frequenting 
the upper end of a deep gulley formed in the clay soil near Iowa City. 
Numerous specimens were secured by Nebraska collectors during July 
of the ,year 1905, 1906, 1908 and 1912 from hilly prairie land near the 
Missouri River. 
Although unable to fly, the agility of the adults is often discouraging 
to a collector. 
County records: Pottawattamie, VI, 1905 (Shoemaker) Nebr. 
collection. 
CICINDELA CURSITANS Lee. 
1857 Cicindela cursitans LeConte, Trans. Amer. Philos. Soc., ser. 2, vol. 
11, p 60. 
1920 Cicindela cursitans Leng, Cat. Coleop. Amer., p 42. 
Length 7 to 9 mm. Closely resembles celeripes in color and form. 
However, the elytra are glabrous, finely punctate, with broader markings 
and a less prominent sutural spine. Legs are light brown or testaceous. 
Habits apparently the same as celeripes. Wickham (1898) reports one 
specimen taken on a bank of the Iowa River near Iowa City, Iowa. A few 
were taken during June near Council Bluffs, Iowa, by F. H. Shoemaker. 
County records: Pottawattamie, VI, 1905 (Shoemaker) Nebr. 
collection. 
CICINDELA UNIPUNCTATA Fabr. 
1775 Cicindela unipunctata Fabricius, Syst. Ent., p 225. 
1920 Cicindela obsoleta Dejean (in litt.) Leng, Cat. Coleop. Amer., p 42. 
1920 Cicindela uniptmctata Leng, Cat. Coleop. Amer., p 42. 
1930 Cicindela unipunctata Horn, Trans. Amer. Ent. Soc., vol. 56, p 85. 
Length 15 to 18 mm. Color above opaque, mossy brown; beneath dark 
metallic blue. Elytra flattened to an unusual extent, roughened by irregu-
lar depressions, dansely punctured with coarse,green impressions and 
dispersed fovae; markings confined to a single small marginal spot. 
Pronotum with a feeble fringe of hair; thorax and abdomen glabrous. 
Head strongly strigose; labrum tridentate, somewhat elongate. 
This species is rarely encountered, probably escaping notice because 
of its protective coloration and cautious habits. Contrary to the majority 
of Cicindela it shuns open, sunny situations but frequents dense woods 
either singly or in pairs, not in company with other species. 
Mr. Kongable of Iowa Wesleyan College collected a specimen (May 
21, 1936) near the Skunk River in Henry County. He secured the beetle 
in a sweeping net about mid-afternoon on a clear day while collecting in 
a heavily wooded hollow thickly overgrown with weeds. 
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Wickham (1898) found one specimen in Cedar County on a dark, 
rainy day late in May while collecting along the Cedar River bottoms. 
The insect ran across a path into some dead leaves nearby from whence 
it was readily captured. 
Records indicate the adults are present from May to July. 
County records: Henry, VII, 23, 1924 (Jaques), VII, 27, 1929 
(McCreary), V, 21, 1936 (Kongable), V, 25, 1936 (Gardner); Louisa, VI, 
7, 1935 (Warren). 
CICINDELA CUPRASCENS Lee. 
1825 Cicindela cuprascens LeConte, Proc. Acad. Nat. Sci. Phila., vol. 6, 
p 65. 
1913 Cicindela cuprascens subsp. amnicola Casey, Memoirs Coleop., vol. 
4, p 37. 
1920 Cicindela cuprascens Leng, Cat. Coleop. Amer., p 42. 
1930 Cicindela cuprascens Horn, Trans. Amer. Ent. Soc., vol. 56, p 86. 
Length 11 to 13 mm. Dorsum shining cupreous or greenish bronze; 
beneath bright metallic green, palpi pale, trochanters rufous. Elytra 
coarsely and densely punctate; in the female emarginate externally at 
apex to form a prominent, acute subapical tooth, tips rounded; in the 
male obliquely sinuate at apex, tips obtuse. Markings complete, connected 
by marginal band, middle band often slender and tortuous; small spot at 
base of each elytron frequently connected to anterior portion of humeral 
lunule. Pubescence short, decumbent, moderately dense on front, occiput 
and pronotum; very dense on cheek, thorax and sides of venter. 
Distinguished from macra by brighter, more shining colors; coarser 
and deeper elytral punctures and the more prominent, acute subapical 
tooth and rounded tips of female elytra or more obtusely rounded tips of 
the male elytra. 
This species frequents the wet sandy banks of the Missouri River and 
is rarely found elsewhere. Adults were abundant near the river at Onawa, 
Iowa, July 29, 1936, and were collected without difficulty on the packed 
wet sand. 
Records and observations indicate that adults appear in late June or 
early July; mature sexually, reproduce and pass away by August 15. 
County records: Bremer, VII, 1923 (B. G. J.); Monona, VIII, 1932 
(Pearson), VII, 1936 (Eckhoff); Pottawattamie, V, 1930 (?), VII, 1934 
(Knutson); Story (Ames, Iowa), old label, very dubious record; Wapello, 
VIII, 1931 (Moore); Woodbury, VII, 1936 (Eckhoff). 
CICINDELA CUPRASCENS var. MACRA Lee. 
1857 Cicindela cuprascens var. macra LeConte, Trans. Amer. Philos. S'.>c., 
ser. 2, vol. 11, p 50. 
1913 Cicindela macra subsp. mercurialis Casey, Memoirs Coleop., vol. 4, 
p 36. 
1916 Cicindela macra subsp. topekana Casey, Memoirs Coleop., v01. 7, 
p. 31. 
1920 Cicindela cuprascens var. macra Leng, Cat. Coleop. Amer., p 42. 
1930 Cici.ndela cuprascens var. macra Horn, Trans. Amer. Ent. Soc., vol. 
56, p 86. 
Length 11.5 to 13.5 mm. Dorsum dull greenish brown, faintly 
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bronzed; beneath metallic brassy green, trochanters rufous, palpi pale. 
Elytra densely but finely punctate; in the female emarginate externally at 
apex, forming an obtuse or rectangular subapical tooth, in the male feebly 
sinuate, tips prolonged slightly in both sexes. Markings complete, con-
nected by marginal band, middle band often slender and tortuous; small 
spot at base of each elytron frequently connected to anterior portion of 
humeral lunule. Pubescence short, decumbent, moderately dense on 
front, occiput, and pronotum, very dense on cheek, thorax and sides of the 
venter. 
Distinguished from cuprascens by the duller color, less strongly 
punctate elytra, the less distinct subapical tooth of female elytra, and by 
slight prolongation of elytral tip in both sexes. 
This species is widely distributed in Iowa; more common in the east 
and southern parts. It frequents stream banks, pond and lake shores, 
showing a preference for silt covered bars exposed by receding water. 
During the hottest hours of the day, adults seek the protecting shade of 
sticks, stones and fissures in the soil. The dry summer of 1936 reduced 
the water level of many streams and exposed areas of wet, mud-covered 
sand on which macra were abundant in spite of the firm stand some dis-
tance from the water. 
Occasionally this species is attracted to lights in towns situated along 
rivers. Adults appear early in July, live until about August 15. Evidently 
the life history does not differ from cuprascens. 
County records: Bremer, VII, 1933 (Jaques); Clinton, VII, 1936 
(Eckhoff); Johnson, VII, 1898 (Wickham); Linn, VII, 1929 (Fitz), VII, 
1932 (Jay) , VII, 1936 (Eckhoff); Louisa, VII, 1826 (H. M. Harris), VII, 
1936 (Eckhoff); Monona, VII, 1932 (Russell), VII, 1932 (Moore), VII, 
1936 (Eckhoff) ; Muscatine, VII, 1936 (Eckhoff) ; Pottawattamie, VI, 30, 
1932 (Barker); Scott, VII, 1936 (Eckhoff); Van Buren, VII, 1936 
(Eckhoff). 
In addition to the above records Wickham (1911) records specimens 
from Black Hawk and Buchanan Counties. 
CICINDELA LEPIDA Dej. 
1831 Cicindela lepida Dejean, Species gen. Coleop. coll. Dejean, vol. 5, 
p 225. 
1913 Cicindela lepida subsp. insomnis Casey, Memoirs Coleop., vol. 4, p 35. 
1920 Cicindela lepida Leng, Cat. Coleop. Amer., p 42. 
1930 Cicindela lepida Horn, Trans. Amer. Ent. Soc., vol. 56, p 86. 
Length 10.5 to 13 mm. Head and thorax greenish bronze; elytra 
creamy white with a few green or brown bronzed lines or splotches, dis-
persedly punctate; beneath brown or greenish bronze, appendages pale. 
Head. thorax and abdomen densely clothed by short, decumbent hairs. 
The species is very widely distributed but local and not abundant. 
It inhabits pure, usually dry sand such as might be found on the higher 
r iver banks or in the blowouts of sandy regions. Apparently nocturnal, 
it is collected near artificial lights at night where it remains in the semi-
darkness near an area of illumination. 
The adults appear early in July, feed only while cool temperatures 
prevail. and soend the iµ-eater part of the hot daylight hours hidden under 
t.lie surface of the sand. 
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County records: Story, (Ames, Iowa, Osborn). 
Wickham (1911) records this species from Johnson and Potta-
wattamie Counties. 
CICINDELA FORMOSA Say 
1817 Cicindela formosa Say, Jour. Acad. Nat. Sci. Phila., vol. 1, p 19. 
1913 Cicindela fornwsa subsp. luxuriosa Casey, Memoirs Coleop., vol. 4, 
p 24. 
1920 Cicindela formosa Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela formosa Horn, Trans. Amer. Ent. Soc., vol. 56, p 79. 
Length 15 to 17 mm. Color above, cupreous red, often with a brassy 
luster, especially on the thorax; beneath, metallic blue with greenish 
reflections. Elytra feebly or not at all punctate, often granulate at the 
base; markings complete, connected at the margin, middle band trans-
verse or only slightly deflexed. Front and ventral parts densely pubescent; 
prothorax bare dorsally, pilose at the lateral margins. 
With no confirmatory evidence formosa has been included as a prob-
able resident of extreme northwestern Iowa where climatic conditions and 
topography practically duplicate their Nebraska habitat. Formosa and 
lengi frequently occur together. 
Seekers of this gaudy and wary beetle must scour the sand dunes and 
blowouts of a dry to semi-arid country during May and early June where 
it may be found hunting near, or concealed in, the shade of sparse vegeta-
tion surrounding the areas of bare drift sand. Easily alarmed, this species 
will run into an open area and readily exercise its strong powers of flight. 
The life history given for var. generosa applies to this species. 
There are no positive Iowa records to date. 
CICINDELA PURPUREA Oliv. 
1790 Cicindela purprea Olivier, Entomologie, vol. 2, p 14. 
1801 Cicindela marginalis Fabricius, Systema Eleutheratorum, vol. 1, 
p 240. 
1857 Cicindela spreta LeConte, Trans. Amer. Philos. Soc., ser. 2, vol. 11, 
p 37. 
1920 Cicindela ramosa Gistel (in litt.) Leng, Cat. Coleop. Amer., p 40. 
1920 Cicindela superla Dahl (in litt.) Leng, Cat. Coleop. Amer., p 40. 
1920 Cicindela purpurea Leng, Cat. Coleop. Amer., p. 40. 
1930 Cicindela purpurea Horn, Trans. Amer. Ent. Soc., vol. 56, p 79. 
1932 Cicindela purpurea Nicolay & Weiss, Jour. N. Y. Ent. Soc., vol. 40, 
p 345. 
Length 13 to 15 mm. Color above wine red to cupreous red, sutures 
and margins metallic blue or green. Lateral plates of thorax metallic cup-
reous bronze with green sutures, legs bronze, abdomen and ventral por-
tions of head and thorax bluish green. Elytra slightly granulate; shallowly 
punctate; markings reduced to a short oblique middle band, apical and 
small anteapical spot. Prothorax distinctly narrowed at base; pubescence 
erect. moderately dense on front, thorax and legs. 
Typical purpurea has been included in the Iowa list although no 
specimens have been observed. Wickham (1911) recorded purvurea; 
however, he may have collected the green variety, now called auduboni, 
and classified it as purpurea. 
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Auduboni occurs in the state and it is possible that true purpurea may 
be found. Shelford (1917) plate 27, extends the range of purpurea west-
ward into eastern Iowa. 
Life history and habits related for auduboni apply to this species. 
County records: King (1914) records this species from Henry 
County; Wickham (1911) records this species from Howard, Johnson 
and Story Counties. 
CICINDELA LONGILABRIS Say 
1824 Cicindela longilabris Say, Keating's Exp. to Source of St. Peters 
River, App. vol. 2, p 16. 
1837 Cicindela albilabris Kirby, The Insects in Richardson's Fauna 
Boreali-Americana, vol. 4, p 12. 
1920 Cicindela longilabris Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela longilabris Horn, Trans. Amer. Ent. Soc., vol. 56, p 82. 
Length 13 to 16 mm. Color above dark brown or black; beneath 
dark metallic blue, often with greenish reflections. Elytra roughly granu-
late punctate; marking inconspicuous, composed of a narrow, occasionally 
broken, sinuate middle band, humeral, posthwneral and anteapical spots. 
Pubescence above consists of a few setae at the sides of the thorax, on the 
antennal scape and beside the eyes; beneath, distant erect hairs appear on 
the thoracic pleura, abdomen and appendages. Characterized by the 
elongate labrum and peculiar depression or excavation above the front 
between the eyes. 
This species has not been recorded in Iowa; however, there are rec-
ords from Wisconsin and Illinois, Leng (1920); Minnesota, Horn (1928); 
and Nebraska, Horn (1930). 
Wickham (1898) found the species at Bayfiield, Wisconsin, during 
June and July frequenting hard, bare spots in woodland roads or paths. 
Dr. J. L. LeConte says that it frequents paths in grassy and bushy places, 
taking refuge in herbage if disturbed. 
CICINDELA FULGIDA Say 
1823 Cicindela fulgida Say, Jour. Acad. Nat. Sci. Phila., vol. 3, p 141. 
1920 Cicindela fulgida Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela fulgida Horn, Trans. Amer. Ent. Soc., vol. 56, p 82. 
Length 11to12.5 mm. Color above polished brilliant to blackish red; 
beneath, light metallic green. Elytra densely and coarsely punctate, punc-
tures without metallic colors. Markings of elytron broad but not con-
nected, composed of an obliquely elongate humeral lunule, a sinuate 
middle band without a marginal line and a complete apical lunule. 
Pubescence of thorax, palpi, and legs strong, bristle like; of front dense, 
virtually cropped. Labrum inconsistently dentate, variable from distinctly 
tridentate to feebly one toothed. 
In view of the data given below, this species has been listed as pos-
sibly present in Iowa, however, the wegiht of evidence is not highly 
convincing. 
Horn (1928) lists fulgida occurring in Minnesota from an unrecorded 
locality. Horn (1930) gave the distribution "between New Mexico, Iowa, 
Manitoba, Montana and Colorado." The Nebraska collection contains 
many specimens taken at the edge of the salt flats near Lincoln. 
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CICINDELA PATRUELA Dej. 
1825 Cicindela patruela Dejean, Species gen. Coleop. coll. Dejean, vol. 1, 
p 62. 
1920 Cicindela montana Hentz (in litt.) Leng, Cat. Coleop. Amer., p 41. 
1920 Cicindela patruela Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela sexguttata var. patruela Horn, Trans. Amer. Ent. Soc., 
vol. 56, p 83. 
Length 13 to 15 mm. Color above dull green, beneath metallic bluish 
green. Elytra coarsely granulate, obscurely punctate; marked by a 
slightly deflexed middle band, humeral, posthumeral, anteapical and 
apical spots. Front glabrous; prothorax moderately pubescent beneath; 
metasternum and met-episterna densely pilose; abdomen with few hairs. 
Form more robust than that of sexguttata with which it is sometimes 
confused. 
No Iowa records of patniela have been obtained; however, it has been 
recorded from Minnesota, Horn (1928), who also gives the distribution 
"between Georgia, Vermont, Minnesota and Colorado" in his 1930 list. 
Specimens collected by the author at Ansley, Nebraska, April, 1934, 
verify a greater westward range than previously suspected. Here the 
adults appeared during April on the warm side of clay hills which sup-
ported scattered clumps of blue stem grass and patches of plum brush. 
Eastern specimens are found on grassy hillsides in or near wooded areas; 
on rough, stony, semi-barren soil; or on bare spots in woods where they 
behave somewhat like sexguttata. 
CICINDELA RUFIVENTRIS Dej. 
1825 Cicindela rufiventris Dejean, Species gen. Coleop. coll. Dejean. vol. 
1, p 102. 
1913 Cicindela rufiventris subsp. collusor Casey, Memoirs Coleop., vol. 4, 
p 39. 
1920 Cicindela rufiventris Leng, Cat. Coleop. Amer., p 42. 
1930 Cicindela rufiventris Horn, Trans. Amer. Ent. Soc., vol. 56, p 84. 
Length 9 to 11 mm. Color above dark brown, with a sooty appearance 
caused by the large, shallow, greenish blue elytral punctures; head and 
prothorax bronze above, metallic blue beneath; abdomen reddish or 
orange. White markings of elytra inconspicuous, composed of humeral, 
marginal, anteapical and apical dots, in addition to the oblique, often 
broken middle band. Front glabrous, pubescence beneath sparse, largely 
decumbent. 
Apparently a localized species sporadically collected in easte:rn 
United States it has been taken in Nebraska thus extending the range 
westward across Iowa although there are no Iowa records. 
The species occurs on "knobs" and upland hills usually on clay or 
sandy clay soils which supports stunted vegetation. It was observed and 
collected by the author near Ansley, Nebraska, (April, 1934) on the sides 
of steep, sandy clay hills where is scurried about the open spaces between 
grass clumps. 
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characterization of, 144. 
New species and records of Siphonaptera 
from Mexico, 335 
New species of Psyllidae from western 
United States, 181 
Nile blue sulphate, action of, on fats, 314 
Nile blue sulphate, oxidation of aqueous 
solution of, 317 
Nile blue sulphate, pH range of, 316 
Nitrogen, absorption of, in evergreen 
seedlings, 304 
Notes on Typha angustifolia L. in Iowa, 
341 
Noteworthy additions to the collection of 
mammals from Iowa in 1938, 239 
Oazone, fat soluble, oxidation of, 318 
Occurrence of acrolein as an intermediate 
during the fermentation of glycerol by 
the coli-aerogenes bacteria, 275 
Oil, cocoanut, treated, effect of on vitamin 
A potency, 353 
Organic matter, effect of, on vitamin con-
tent of grain, 9 
Oxidation, of pyruvic acid, by propioni-
bacterium, 365 
Palmitic, acid, derivatives useful for 
characterization of, 144 
Passage-time of various types of normal 
and poisoned foods through the ali-
mentary tract of the cockroach, Peri-
planeta americana Linn., 93 
Pelican, white, migration of, in Iowa, 199 
Periplaneta americana, passage-time 
through alimentary tract of, 93 
Pipistrellus su.bflavus rubflavus (Geor-
gian bat), from Iowa, 239 
Prairie chicken, migration of, in Iowa, 
189 
INDEX 395 
Pressure-aeration effects on the dissimi-
lation of glucose by Aerobacter indolo-
genes, 157 
Principle of the Archimedean screw in 
chemical engineering, The, 91 
Propionibacterium, oxidation of pyruvic 
acid by, 365 
Propionibacterium pentosaceum, 107, 366, 
367 
P. peterssonii, oxidation of pyruvic acid 
by, 365 
Psylla phorodendrae, n. sp., description 
of, 186 
Psyllidae, new species of, from western 
United States, 181 
Pulicidae, (family), species of, collected 
in Mexico, 335 
Pyruvic acid, oxidation of, 365 
Quadratic forms, symmetric, 231 
Radiography, equipment for, with soft 
x-rays, 283 
Raman frequencies of carbon-mercury 
bond, 78 
Rangifer sp. (Caribou), hypothetical oc-
currence in Iowa, 241 
Ration, basal, biological assay of feeding 
stuffs in, for coccidium-growth-pro-
moting substances, 243 
Reuteria bifurcata, n. sp. 130 
R. fusicornis n. sp., 129 
R. irrorata (Say), 129 
R. Puton: four new species from the 
United States (Hemiptera, Miridae), 
129 
R. pollicaris, n. sp., 131 
R. querci, n. sp., 131 
Ring structure in some derivatives of 
sorbose, The, 97 
Seedlings, evergreen, fertilizers for, 293 
Siphonaptera, new species and records 
of, from Mexico, 335 
Some experiments with fertilizers for 
evergreen seedlings, 293 
Some factors affecting the Raman fre-
quencies of the carbon-mercury bond, 
78 
Some factors affecting the times of solu-
tion of dextrose, 50 
Sorbose, ring structure in derivatives of, 
97 
Spaces, topological, linear, 373 
Species, new, of, Siphonaptera, from 
Mexico, 335 
Starch-enzyme digestion, products of, 81 
Stearic, acid, derivatives useful for char-
acterization of, 144 
Stresses in moderately thick rectangular 
plates, 67 
Strongylocoris albibasis, n. sp., 5 
S. ambrosiae, n. sp., 5 
S. atritibialis, n. sp., 2 
S. Blanchard: six new species from 
North America (Hemiptera, Miridae), 
1 
S. breviatus, n. sp., 1 
S. hirtus, n. sp., 4 
S. pa.llidicornis, n. sp., 4 
Studies on chlorine disinfection, 54 
Studies on Lactobacillus cultures that 
actively coagulate milk, 95 
Studies on the fat of cheddar cheese, 149 
Studies on the physical-chemical proper-
ties of honey, 100 
Study of cholesterilene, A, 329 
Sulfur analogs of furan types, 70 
Symmetric quadratic forms, distribution 
of, in normal and independent vari-
ables, 231 
Tetracha, species of, in Iowa, 202 
T. virginica Linn., 203 
Theory of topological order in some 
linear topological spaces, The, 373 
Thiamin effects in bacterial metabolism, 
365 
Thomson's theory, application of, 25 
Tocicity of methyl formate, ethylene ox-
ide and methyl bromide in admixture 
with carbon dioxide, to the rust-red 
flour beetles, 73 
Topological, theory of order, in some 
linear topological spaces, 373 
Trioza beameri n. sp., description of, 182 
T. f orcipula n. sp., description of, 183 
T. inversa n. sp., description of, 185 
T. occidentalis n. sp., description of, 184 
T. phorodendrae n. sp., description of, 
182 
T. pulla n. sp., description of, 184 
T. rubra n. sp., description of, 185 
T. stugma n. sp., description of, 183 
Trout, hatchery, lower cost diets of, 27 
Typha angustifolia, habitat of, 343 
T. angustifolia, L., in Iowa, 341 
Variables, normal and independent, dis-
tribution of symmetric quadratic forms 
in, 231 
Vitamins A, B, and C, in lemna, 9 
396 INDEX 
Vitamin A, effect of treated fats on po-
tency of, 353 
Vitamin B, 366 
Vitamin Bi, function of, in anaerobic bac-
terial metabolism, 107 
Vitamin D, source of, in ewe's milk, 238 
Weasel, Least, occurrence in Iowa, 239 
Weasel, Missouri, occurrence in Iowa, 240 
Wheat flour, white, assay of, 245 
X-ray tube, gas-type, construction of, 
269 
X-rays, soft, equipment for radiography 
with, 283 
Yeast, irradiated, effect of, on antirachitic 
potency of ewe's milk, 235 
Zinc dust; treatment of cholesteral with, 
331 
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